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MILITARY CURRICULUM MATERIALS

The military-ceveloped curriculum materials in this course
package were pelected by the National Center for Research in
VocationalcEducation Military Curriculum Project for dissem-
ination to the six regional Curriculum Coordination Centers and
other instructional materials agencies. The purpose of
disseminating these courses was to noke curriculum materials
developed by the militar more accessible to vocational
educator's in the civilian setting.

The course materials were acquired, evaluated by project
staff and practitioners in the field, and prepared for'
dissemination. Materials which were specific to the nilitary
wre deleted, copyrighted materials were either anitted,or appro-
val for their use was obtained. .These course packages contain
curriculum resource materials which can be adapted to support
vocational instruction and curriculum development.
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the Ability af diverse agencjes, institutions,
1
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Center fulfills its mission by:
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/
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Developing educational programs and
products

Evaluating individual program needs
and outcomes

Installing e cational programs and
product

Operating information systems and
services

Conducting leadership developm'ent and
training programs
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Military
Curriculum Materials
Dissemination Is ..

an activity to increase the 'accessibility of
military-developed curriculum materials to
vocational and technical educators.

"This p\t:oject, funded by Jthe U.S. Office of
Education, includes the identification and
acquisition of Curriculum materials in print
form from the Coast Guard, Air Force,
Army, Marine Corps and Navy.

Access to military curriculum materials is
provided through a "Joint Memorandum of
Understanding" between the U.S. Office of
Education and the Department of Defense.

The ocquired materials are reviewed by staff
and subject matter specialists, and courses
deemed applicable to vocatjonal and\kech-
nical education are selected for dissemination.

The National Center foi Research in
Vocational Education is the U.S. Office of
Education's designated representative to
acquire ihe materials and cootauct the project
activities.

;.2

7
oject Staff:

Wesley E. Budke, Ph.6",-; bir ctor
National Center Clearingliou e

Shirley A. Chase, Phi5.
Project Director

,What Materials
Are Available?

One 'hundred twenty courses on microfiche
(thirteen in paper form) and descriptions of
each have been provided to the vocational
Curriculum Coordination Centers and other
instructional materials agencies for dissemi-
nation.

Course -materials include programmed
instruction, curriculum outlines, instructor
guides, student workbooks apd technical
manuals.

The 120 'courses represent the following
sixteen vocational subject areas:

Agriculture
Aviation
Building &

. Construction'
Trades

Clerical
Occupations

Communications
Drat ling
Electronics
Enginp Mechanics

ood Service
l-afth °
Heating & Air
Conditioning

Machine Shop
Management &

Supervision
Meteorology &

Navigation
Pho tography
Public Service

The number of courses and the subject areas
represented will expand as additional mate-
rials with application to vocational and -
technicaLeducation are identified and selected
for dissemination.

How Can These
Materials Be Obtained? e

.

1... . .

Contact the Curriculum Coordination Center
in your region for information on obtaining
materials (e.g., availability and cost). They, °
will respond to your request directly or refer
you to an instructional materials agency
closer to you.

CURRICULUM COORDINATION UN IBIS

EAST CENTRAL.
Rebecca S. DoUglass

Director
100 North First Street
Springfield, IL 62777
217/782-0759

MIDWEST
Robert Patton

. Director
1515 West Sixth Ave.
Stillwater, OK 74704
405/377-2000

NORTHEAST
Joseph F. Kelly, Ph.D.
Direct
225 W e Street
Trenton, NJ 08625
609/292- 562

0

NORTHWEST
a William Daniels

Director
Building 17
Airdustrial Park
Olympia, WA 98504
206/753-0879

SOUTHEAST
James F. Shill, Ph.D.
Director
Mississippi State University

Drawer DX
Mississippi State, MS 39762
60116325.2510

WESTERN
"Lawrence F. A. Zane, Ph.D.
Director
1776 University Ave.
Honolulu, HI 06822
808/948-7834
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Courit Description:

11,

4

This is the third of four courses on heating and ventilating. The previous courses discussed blueprints, tools and piping; electricity, insulation, principles
of heating, and ñeating.units. This course offers instruction on gravity and forced warm-air heating equipment, including its installation, operation, and

maintenance. In addition there is a lesson on the characteristics, effectiveness, and advantages of several types of high-temperaturehot-water (I-1TI-1W)

heating systemseThis course consists of thetfoHowing threp lessons:
4

Lesson 1 Warm-Air Heating'contains informatioh on gravity warmsair heating systems and forced warm-air heating systems including
an explanation of the furnaces and ducts used in each system.

Lesson 2 Domestic Hot-Water Heating discusses the types, accessories, installation, operapon, and maintenance of hot-waterboilers;

gravity and forced-circulation hot-water dIstribution systems; glict4ot-water heaters. '

.. . Lesson 3 High-Temperature Hot-Water Heating covers the charadteristics, types, pressurization, operation, and safety charteristics of
high-temperature hot-water heating systems. The safety characteristics of steam and hot water, and installing the pipirig system

are also explained. .

The student workbook contakis lesson objectives, text assignments, lesson review exercises, the answers to the xercias and a discussiolik-those answers.

The text contains the reading assignments. A course examination is also provided, but no answers are availabl The course was designed *br student self-

study and evaluation and can be used for independent remedial work or advanced study.

V

nit NTIR 10 VOCATot/1 raoucanav
1771. orto STAG uNIVERSITv
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INTRODUCTION

This i the third of four subcourses on the
Object of Heating and Ventilating. The pre-

,lceding subcourse discussed heat transfer,
ls, and thelpperation of furnaces and boil-
. The present subcourse gives instruction
gravity and forced warm-air heating
pment, including its installation, opera-
and maintenance. In addition, there is. a
n on the characteristics, effeetiveness,
'advantages of several types of, high-

. 1.1tentneratige hot-water (HTHW) ? heating
VcOtfkris

,The subtourse consists of three lessons and
mination as followe

Son 1.. Warm-air Heating,

2. Domestic apt-water Heating.

3. High-Temperature 4Hot-water
Heating.

If I

Exathination. ,

Eight credit hOurs are allowed for this sub-
course. You will not be limited as to the

-number, of hours that gbu may spend on the
subcourse, any iesson; Or the examination.

Text. furnished: Allemorandum 566, Heat-
ing and VentilatingIIII (Warm-air and Hot-
water Heating).

Each exercise has faur choices with onlk
ONE best answer. Select' the Choice that you
beleiire is best. Check your answers with the
solutions found, in this subcourse packet.
- When you. have 'completed all le'ssons to
your satisfaction, complete the examination
and forward the examinatimi answer card
the USAES for grading. The grade yo
receive on the examination is your grade for
the subcourse.

a



CREDIT HOURS

TEXT ASSITNIMENi

LESSON OBJECTIVE

LESSON 1

WARM-AIR HEATING

2

Memorandum, 566, Chapter I.
to teach you the principles of warm-air heat-

ing systems and the use and maintenance
of the equipment used in this 'heating
process.

EXERCISES

'Requirement. Solve the following multiple- ,

choice exercise&

1'. Warm air is circulated in the
iravity warm-air system by
a. direct conduction

b. indirect radiation

c. natural convection

(is indirect gravitation
f'74

2. The total cross-sectional area of
all the warm-air ducts in a gravity
warm-air heating system is 50 square
inches; therefore, the total cross-sec-
tional area of all the cold-air ducts thust
be at least how many Square inches?

a. 25

b. 50

c. 70

d. 80

3. You are installing a gravity
Warm-air duct 20 feet long. How many
inches of upward pitch would you givo
to Inds duct?

5

b. 10

e. 20

d. 2

4. Which of the lollowing, would
you 'use to seal gastight the sections
of-a edit iron furnace?

a., graphite rope

b.. tar paper
c. manila fiber tape:

d. furnace cement

5. If a bottoni' floor panel is not
furnished with a gas furnace, you would
make the casing airtight with

cement c. asbestos paper
b. tar d, baffles

G. You must use a locally manu-
factured downdraft diverter in a gas-
fired furnace. Before installing it, you
make sure that it
a. has been calibrated for this unit
b. is th adjtistable type
c. has large vent-pipe sheet

d. is the correct size '
'7. A, horizontal smokepipe 6 feet

long Would require a pitch of at least



a. 1 inch c. 6 inches

b. 3 inches 8 inches,
.

8. A chimney having a cross-sec-
tional area of 3 square feet was erected
at lip Ariny post situated at sea level.
'If you had to construct such a chimney
'at a Post located 5000 feet above sea
level, what would be its minimum cross-
sectional area in square feet?

a. . 3
b. .3.6

c. 4

d. 4.2

9. The peak of the roof of a build-
ing is 25 feet high. What should be the
minimum height of its chimney in feet?

a. 25

b. 28 d. 34

10. A furnace has an input rating
of one Million Btu per hour. How many
square inches of area hi the free air
opening must be provided to supply
combustion air to the furnace?

a. 1,000 c. 100,000 .

b. 10,000 & 1,000,000

U. A newly assembled cut ,, iron
furnace has a casing with a crack in it.
What is the probable, cause?

a. short push nipple

b. bolts too loose

c. missing bolt

d. bolts too tight

12. Why are metal pipes covered
with asbestos paper?
a. lower furnace temperature

b. prevent leaks
e. increase radiation
& reduce heat loes

13. What action would you take
if your warm-air heating system kept

r

some rooms at 85° F and other rooms
at 79° P?
a. remake furnace fire

b. decrease furnace fire

e. adjust the damp;rs

d. balance the butterfly valves

14. In maintaining the air ducts for
grivity heating, yOu should clean them
with a vacuum cleaner once each .

a. day

b. week

c. month

d. season

15. The primary difference between
the iorced warni-air heating system and
the gravity heating system is in the
a. placement of the cold-air return,'
h. method of circulating the air
c, number of registers
d number of warm-air pipes

16. Which of the following allows
the forced warm-air system furnace to
be placed on the same floor aa the rooms
to be heated?
a. fan or blower
b. cold-air returns attached to ceiling

the number of registers
the use of small ducts

17. In maintaining a forced warm-
air furnace, how often would you inspect
the air filters?
a. once each week
b, twice each week
c. Once a month
d. twice a month

18. How much play would you allow
in the blower belt of a forced warm-air
furnace?
a. i4 to 1/2 inch
b. y2 tci 3A, inch



c. 11,4i to 21/j inches

d. I., to VA inches,

19. In the forced warm-air heating
system, the air ducts are usually

a. larger than gravity air ducts

b. attachpd to the walls tif the heated
rooms

c. sloped up 0.50 inch per 6 feet

d. hung from thec,-ceiling
,

20. At how many feet per minute
should the air issue from the register
of a forced warni-air heating system?

a. 35

b. 40

c. 45

d. 50

3



LESSON 2

DOMESTIC HOT-WATER HEATING

CREDIT HOURS 2

TEXT ASSIGNMENT Memorandum 566, Chapter 2.
LESSON OBJECTIVE To teach you the installation, operaticm, and

maintenance of hot-water boilers, heaters,
and their distribution systems.

"

EXERCISES

Requirement. Solve the following multiple-
choice exerciseis.

1. The hot-water boiler that has a
self-contained firebox and is somewhat
portable is called

a. self-contained c. ..circulating

b. skid-mounted d. package

2. What type of boiler is con-
structed in several sections?

a. cast iron c. wrought iron

b. steel , d. brick

3. The nurnber of intermediate sec,
tions in a square cast iron boiler is de-
termined by the size of the

a. push nipples c. boiler

b. header d. firebox

4. One of the two sections of a,
steel hot-water boiler consists of the
base and either the grates or burner.
It is constructed accordng to the

a. number of water jackets

b. type of fuel used

c. size of smoke passages

d. location of combustion chamber

5.. The pressure relief valve on a
hot-water boiler may corrode or stick,
and therefore should be forced to op-
erate once each

a. hour c. week

b. day d. Month

6. In the event of an induced or a
forced )draft failure in a boiler, which
of the following would shut down the
firing equipment?.

a. airflow switch

b. pressure relief valve

c. pressure gage

d, water level valve

7. The baffles in a hot-water boiler

a. reduce water evaporation

b. hold the hot gases

C. mix air and fuel

d. clean boiler tubes

1



8. A steel boiler has developed a
, very large hole in the boiler flue. What

should you do?
a. weld the hole

b. cover hole with asbestos paper

c. replace the flue

d. replace a boiler section

9. In the two-pipe open-type gravi-
ty system, the amount of temperature
drop between the beginning and the end
of the line depends upon

radiator size and atmosphere vent

location of expansion tank

size of pneumatic compression tank

length of main and the heating load

10. In a gravity open-tank system,
with an average boiler temperature of
170° F, the radiator emission rate of
Btu psf is
a. 100 . C. 135

b. 125 41. 150

11. The expansion tanks in °the
gravity and forced circulation systems

a, allow water in distribution ayaliin
to expand

b. hold the water extracted from the
steam lines .

c. hold the steam extracted from the
water lines

d. force water in distribution system
ta condense

12. When a hot:water system is
first filled with water, it is normally
necessary to

close air vents on the radiators

keep,water temperature below 1500

increase intake of air

bleed air out of system

13. In the one-pipe, closed-tank,
forced circulating system, which of the
following would you install to improve
the circulation through individual radia-
tors?

a,. pressure valves c. elbows

b. connecting tees d. branches

14. You are installing a 100-foot
branch line in a hot-water system. How
many inches of pitch, as a minimum, do

°you give to this line?

a. 4

b. 6

e. 10

d. 12

15. You find a badly cracked section
in your cast iron radiator. This section
should be

a. riveted

b. welded

C. replaced

d. inverted

16. The boiler of your hot water
system smokes through the feed doors.
There are no chimney leaksg Which of
the following do you do next?

a. blow clown the boiler

b. increase furnace draft

c. change kind of fuel

d. clean flues and flue pipes

17. , The radiators in a forced circu-
lation hot-water heating system will
not heat. There _is sufficient witer in
the system, radiator valves are open,
no corrosion is present, and you have
bled the air from the system. Which of
the following' would you do next?

a.. check circulation pump

b. clean boilet flues

c. change to larger boiler

d. increase draft



18. The distribution piping in a hot-
water system fails to transfer water to
the upper radiators. There is no stop-
page ki the lines, the circulation pump
runs, and you have bled the air from
the system. Which of the following
could be the cause of this failure?

a. insufficient water

b. decreased furnace draft

c. virong type of fuel

d. chimney leaks

19. Boiler water is not used for
domestic purposes becatue

a. it is too hot
b. of chemical added

c. quantity is limited
d. it hu been aerated

20. What iv the gallon capacity of
domestic hot-water heaters?

.a. 5 to 10 c. 10 to 25
b. 5 to 20 d. 20 to 50



LESSON 3

HIGH-TEMPERATURE 1HOT-WATER NTH* HEATING

CREDIT HOURS 2

TEXT ASSIGNMENt Memorandum 566, Chapter 3.
LESSON OBJECTIVE, To teach you the operation and maintenance

of HTHW systems, tlito characteristics of
their heat-carrying media, and the instalia-
tion of piping equipment.

-

-EXERCISES

Requirement. Solve the following mulitple-
choice exercises.

1. The HTHW systeth uses very
little make-up water because it

a. ,is a -closed system

b. requires frequent blowdowns

c. has considerable leakage

d. operates at low thermal level

2: What is the total of Btu/cu. ft
of water under 60 psi gage preisure
and at a temperature of 308° F?
a. 13,80p--

b. 14,000

C. 15,000

d. 15,840

3. If water and steam each were
subjected to 70 psig at a temperature
of 316° F, the water would contain how
many Wiles more Btu/cu. ftlthanuwould
the steam?

c. 63

d. 71

4. When the temperature of the
Water in an HTHW system la 1000 F, the

b. 58'

density . is about -63 pOunds per cubic
foot. What will be the density of the
water in pounds per cubic foot when
the temperature rises to 200° F?

ai 60 , a. 90

b. 70 d. 120

5. Which of the following is an WI-
portant characteristic tt the HTHW
system?

a. constant water dens*
b. no pipe radiation

c. sim ity of construction
d. ' no up leakage

6. A 1-inch steam line transfers
9000 Btu per hour. If this heating sys-
tem is changed to RTHW, how many
Btu would you expect the line to trans-
mit?
a. 9,000 .c. 270,000
b. 27,000 d.' 900,000

7. For a given volume, steam con-
tains how many times more heat than
does air?

1),
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16:

.b.

irto 65

38 to 70

,A. The hig
ture range for
heatii*platnte is

a. 1000 to 200°

b. 2000 to 300*

c. 40 to 80
d. 40 to 90

fahrenheit tempera-
oat military HTHW

C. 3000 to 4909

d. 3500 to 450°
, .

9. The aeco d pump in the two-
pumii HTHW sys em is used to ,

'a. pump water to distribution siuitem

.b. circulate water through generator
c. circulate 'Water throughout systems -

d. pump water to expansion tank

10. In the cascade heater method,
the water is heated by

a. direct contact with steam

b. inert gas pressure
c. a steam boiler

d. a hot-water generator

. 11. Idpressurizing the HTHW sys-
tem, an expansion tank is required.
Why? . -

a. water exiiinda when heated

b. it reduces saturation temperatures
C. it prevents vaporization when tera-

perattire falls

d it keel:xi water below 212° F

12. Wbe4 operating with the satu-
rated-steam cushion design ,41 pres-
surizing the HTHW system, it is neces-
sary to generate an excess amount of
heat in order to

Ifliow for expansion in drum
- -

b, increase flow of hot water
c. provide' saturated -4.eesti

d, offset radiant heat liO151&

72

oz

13. Which of the following is a
characteristic of the mechanical-gas
cushion design for prenurizing ,P3e
HTHW system?

a.' extrn idles steam drum

b. expansion tank, is part of generator

c. expansion
generator

d. subject to
steam

is independent of

ent flashing of

14. What is the minimum number
of gallons of sodium sulfite that you
would use to treat five million gallons

c'of water?

a. 50

. b. 100,

C. 130

d. 150

15, A low-preseure steam line is at
5 psi and 230° F. A break in this line
would cause the discharge-of this steam
into the atmosphere at a velocity of
how many feet per secoml?

a.. 1000 c. 1500

b: 1200 d. 1600
I

16. A-high-pressure steam line is at
125 psi and 300° F. A break in this line
would cause the discharge of the steam
at a -velocity of how many feet per
second?

a. 1200

b. 1400

e. 1600-

d. 1800
4

,111. A break in a low-pressure water
line at 15 psi and 200° F would cause
discharge of the water at a velocity of
how many feet per second?

a. 175

500

c. 1600

d; 1750

18. Which of the folloWing could
cause an explosion in a steam boiler?



a. steam pressure equaling atmos-
phexic pressure

b. excessive s t ea m Pressure Weide'''.
steam drum

sudden !Tiering of water level

d. collapse of generator 'tube

19. After the los's of water on the
inside of the tubes, tube failure in a

. c.

.)t

4

r
4

fotced circulation HTHW system can
tiike plaCe in -

. .2 seconds c. 1 minute

. b. 30 seconds .d. 2 minutes

20. All piping in an HTHW system
should be

a. riveted c. cemented

b. soldered A; d. welded



CORRESPONDENCE COURSE OF
_ U. S. ARMY ENGINEER SCHOOL

SUi3COURSE. 566-2 Heating and Ventilating Ill (Warm-Air and
Hot-Water Heating).

LESSON 1 Warm-Air. Heating.,

SOLUTIONS

Each exercise has a weight of 5. All references are to Memorandum 566-2.

1. c (par 1-1) , 11. a (par 1-15)

'2. b (par 1-2) 12. d (par 1-27)

a. c (par 1-3). 13. c (par 1-31)
.

A. d (par 1-5) 14. d (par 1-32)

5. a (par 1-15) 15. b (par 2-1)

i. a (par 1-16) 16. a (par 2-3)
1

7. c (par 1-17) 17. .a (par 2-11b)

8. b (par 1-19) 18. c (par 2-11)

A 9. b (par 149) 19. d (par 2-14)

10. a (par 1-20) 20. d (par 2-18)

For further explanation, see Discussion.

All concerned will be careful that neither this sointio.", nor information concerning the
same comes into the possession of students or prospective students who have not completed
the work to which It pertains.
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, DISCUSSION
Exercise:

1, In the gravity warm-air system, natural convection (c). causes circulation. The cir-
culation takes place because of the difference in weight between warm air and Cold air.

2. The total cross-sectional area of all the cold-air ducts must be at least equal to the
total cross-sectional area of all the warm-air ducts 50 (b) square inches.

3. The ducts are installed with at lest1 inch of upward/Itch pet linear foot and
leaves roora for proper air circulation. 20 x 1" = 20" (c)

1
4. Cast iron furnaces are constructed in sections which are made gastight with asbestoe

rope packing andturnace cement (d).

e.

L..

5. If 'there is no bottom iloor panel furnished, grout the-casing to makcit airtight by
chipping and wetting the floor, and then using agiberal amount of cement (a) linixture.

. .

6. Diverters are developed for individual furnaces, so 3Tou should never ust a diverter
of local manufacture unless it has been calibrated for the specific heating.unit. (a).

7. Install all horizontal smokepipes so that they have a pitch of not less than 1 inch
per linear foot, as illustrated in figure 4. 6 X .1" = 6" (c)

8. To be satisfactory above sea level, the area of the chimney must be increasea 4% for
bach 1000 feet above sea level.

5000 ÷ 110 = 5 x 4% = 20% increase

3' x .20 = .6 square feet increase

3' + .6' = 3.6 square feet (b)

0. The chimney must never be less than 15 feet high and always extend at least 3 feet
above the peak .of the roof. .

25' + 3'

10. An opening having I square inch of free air area must be provided for 'each 1000
Btu per hour of furnace input rating, with a minimum of 200 square inc s.

1,000,000 ÷ 1000 = 1000 Btu x 1 sq in = 1000 sq in a)

Ci

11. 'kart must be tightened, with care. Drawing bolts too tight (d) cracks or breaks a
casing or Wales a, steel plate.

12. The metal pipes are covered with a thin layer of asbestos paper to reduce heat loss
(d) through radiation.

13, . You can balance the heating system by adjusting the damp+ (c) in the duct branches
while the furnace is in full operation.



14, Gravity cold-air and warm-air ducts require very little maintenance. So that the
warm air flows properly, clean the ducts with a vacuum cleaner once eacii season (d).

.

15. The difference between the two heaiing systems is in the method of cireulating the
air (b). Gravity causes the air to circulate in the gravity system, and an electric blower dr fan
causes the air to circulate in a forced warm-air heating system.

16. The furnace can be located on the same floor as the rooms to be heated because the
fan or bloweik(a) insures that warm sir reaches all the rooms.

17. Inspect uir filte at least once each week (a). You should clean or replace them
whenever they need clea.ni1g or replacing.

1,$. Unless the mufacturer recommends tighter adjust the base of the mo-
tor so that there is 1344inchei to 2% inches (c) of play the belt, as illustrated in 'figure 11. s

19. Both the warm-air add cold-air ducts are usually hung from the ceiling (d) with
metal strapping.

20. ;You should regulate the dampers uptil the air from the register is about 50 (d) feet
per minute. Take this measurement about three-fourths of the distance away from the regis-
ter to the opposite wall.

1 8



CORRESPONDENCE COURSE OP
U.'S. ARMY ENGINEER SCHOOL

SUBCOURSE 566-2. Heafing and Ventilating Ill (Warm-Air and
Hot-Water Heating).

LESSON 2 Domestic -Hot-Water Heating.
,

SOLUTIONS

Each ,exercise !las a weight of 5. A110 references are to MeinorOdum 566-2.

1. d (par 3-2) 11. a (par 4-11)

2. a fpar' 3-3) 12. d (par 4-13) ,
3. c (par 3-6) 13. b (par 4-17)

4. b (par 3-10) 14. c (par 4-21)

5. di4 (par 3-14)' 15. c (par 4-22)

6. a (par 3-18) , 16. d (par 4-37)

7. b .(ar 3-21) 17. .a (par 447)
8. c (par 3-25) 18. a^ (ptu. 4-37)

9.. d (par 4-6) 19. b (par 5-1)

10. d (par 4-9) 20. d Apar 5-2)

For further explanation, see Discussion.

2-1
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DISCUSSION
Enrage:

1. The package (d) boiler is generallyine with. a self-containkd firebox an93 some-
, .

* *

what portable, This accounts for the term "package' boiler."

2. Cast iron (a) boilers are usually constructed of several sea:ions joined by sane form
of connection! such as push nipple&

& Square pectional cast-iron type boilers consist of a front and rear section and a num-
beebf intermediate sections depending on the size of the boiler (c).

L Most hot-water boars; are constructed in two section& The section consisting of the
base and either the grates or burner is constructed according to the type of fuel used (b).

4

5. Pressure relief valves May corrode or stiek if they are not forc0 to operste occasion-
ally. It is good practice once each month (d) to increase the pressure to a point that operates

,

the valves.
7 r .

1

6. Thk airflow switch (a) shuts down the firing equipment in event of an inducat or
forced draft failure. ,

7, Boilers are designed With baffles in order to hold the hot gases (b) as long as poseible.
In this way, the gases give iminaximum heat before passing into the chimney.

* *
8. When steel boilers develop a leak, weld or rivet them; but when a boiler flue is un-

serviceable, replace (c) it.

9. The amount _of temperature drop between the beginning and the end of the line de-
pends upon the length of the Main and upon the heating load (4).

10: A"kravity-open-tank system with an average 'boiler water temperature of 170° Fins
a radiator einiasion rate of 150 (d) Btu, psf.

11 InIthe gravity and 'forced circulation systems, open and closed expansion tanks allow
the water in the distributioutsysteni to expand (a) as the temperature'rises.

6

12. When a hot-water system is first filled with water, it is normally necessary to bleed
the air out of the system (d) at the same time. You can remove OP air by opening an air vent
on a radiator or by breaknig a union near the end of the line.

t& The circulation i,ico individual radiators is improved by special supply and return con-
. meting tees (b), These tees combine to use a portion of the velocity head in the main in oHer

to increase Circulation through the radiators.

14. The pitch is generally-no less tn 1 inch for every 10 feet of branch line. 100' 4-
10' = 10 x 1" = 10" (e)

U. A radiator is usually constructed of cast iron and assembled in sections as shOwn in
figure 24. Damaged radiator sections can be replaced (e) without replacing the entire radia-
tor assembly.

2-2



I& In the list of discrepancies in . par 4-37, the reinedy indicated is to clean the boiler
flues and nue pipes (c1) as there are no chimney leaks in this instance.

17. To get circulation of the hot water through the radiators under the conditions de-
scribed, you should check the 'operation of the circulation pump (a), as suggested in par 4-37.

18. In the situation described, the most likely cause is Insufficient water (a), as indicated
in the discrepancy list in par 4-37.

19. Clean water is required in many installations for domestic and industrial use. Since
boiler -wider cannot be used for this purpose because of the chemical added (b), it is necessary
to lieat other water.

20. Domestic hot-water heaters are built in various sizes from 20- to 50- (d) gallon capaci-
Aes. Indusizial type hot-water heaters are designed to heat thousands of gallons of inter, de-
pending on the amount an installation uses.



PORRESPONDENCE COURSE OF
S. ARMY ENGINEER SCHOOL

SUBCOURSE

LESSON 3

6 S ** * . 'Heating and Ventilating ill (Warm-Air and
Hot-Water Heating).

High-Temperature Hot-Water Heating.

SOLUTIONS

Each .exercise has a weight of 5. All references are to Memorandum 566-2.

1.

2.

a

d
(par 6-5)

(Table I)
11.

12.

a
d

(par 8-1)

(par 8-2)
3. d (Table I) 13, c (pax 8-6)
4. a (par 6-6) 14. b (par 9-1)
5. e (par 6-9) 15. c (par 100-2)
6.. c (par 6-13) 16. c (par 10-3)
T. b (par 6-17) 17. a (par 10-4)
8. d (par 7-1) 18. b (par 10-7)
9. b (par 7-3) 19. ift (par 10-8)

10. , a (par 7-4) 20. d (Par 11-1)

For further explanation,, see Discussion.

28
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DISCUSSION
Exercise:

1. The Irraw system is a closed system (a). Very Utile water is consumed during
opeiation, which means that only a small amount of make-up water is used, practically elimi-
nating boiler blowdown.

2. The water has 15,840 (d) Btu/cu. ft., as shown in Table I.

3. The water would store 71 (d) times miire heat than the steam would, all shown in
Table I.

4. When the temperature rises to 200° F, the density drops to 60 (a) pounds per cu. ft.,
and the percent of increase in volume rises from almost zero-to 2.50 percent.

. 5. An important 'characteristic of the HTHW system is its simplicity of construction (c)
with the absence of complicated traps and valves.

6. For a given size of line, about 30 times as much heat can be transmitted by water
than can by steam. For the exercise, 9000 x 30 = 270,000 (c) Btu.

7. A given volume of steam is capable of containing a great mount of heat (38 to 70 (b)
times that of air) and, like WNW, is a good means of transfening heat for long distances.

8. Tile high-temperatuie range for most military and federal heating plants is 350° F
to 4500 F (a), which corresponds to saturated pressures of 135 to 425 psi.

9. The two-pump system uses one Pump to circulate the water through the distaibution
system, and a second pump to circulate the water through the generator (b) for positive cir-
ctfiation.

10. In the cascade heater, the water is forced through spray nozzles, and comes into
direct contact with the steam (a). The -steam condenses into the circulating water.

11. An expansion tank is required because the water is not compressible to a smaller
volume, and the water expands when heated (a).

12. Excess heat is generated to offset 'radiant hest loss (d) from the expanpion tank.

13. The expansion tank is independent of the generator (c) and remains coOl.

14. To prevent oxygen corrosion, add the chemicaLto furnish 20 to 40 parts of sodium
sulfite per million parts (ppm) of water.

5,000,000 5 20 (min.) x 5 = 100 (b) gallons

15. Steam at 5 psi and 230° F discharges to the atmoaphere at a temperature of approxi-
mately 229° F and at a velocity of about 1500 (e) feet per second.



16. Steam at 125 psi and 800° F is discharged into the atmosphere at 290° F and a veloci;
ty of about 1600 (c) feet per second. Because of the greater eipansion that takes place, there
is a slightly greater drop in temperature with high-pressure steam.

17. Water-at 15 psi and 200° F discharges through a break into the atmosphere at about
the same temperature and at a velocity of about 175 (a) feet per second. Less hazard is present
in this case than with steam, because the lower water-ejection velocity does not tend to fill the
incloaure.

18. Explosion of a steam boiler can be the result _of excessive steam pressure created
inside the steam drum (b). When this happens, considerable damage is sustained by the heat-
ing plant.

19. The tube collapses from overheating when liquid contact is lost on the interior of
a the tubes for as short a time as 2 minutes (d),,

20. All piping in an ETHW system should be welded (d). No screwed joints should be
permitted, and flanges allowed only where necessary.



EXAMINATI6N

ARMY CORRESPONDENCE COURSE ENGINEER SUBCOURSE 566-2

HEATING AND VENTILATING III

CREDIT HOURS 2
TEXT ASSIGNMENT Review previous assignments.

EXERCISES

Requirement. Solve the following multiple-
choice exercises.

1. A firebrick lining is installed in
the combustion *chamber of a steel fur-
nace in Order to

a. increase name

b. reduce fuel consumption

c. act as heat exchanger
d. protect its wall

2. Which of the following accounts
for the circulation of warm air in a
gravity warm-air furnace?

a. the blower fan
b. back pressure
c. warm air is lighter than cool air
& setting

S. Humidifiers in furnaces usually
consist of a pan and a fioat-operated
needle control valve. This valve con-
trots the

a. temperature of room

b. air fiow

EDITION 2 (NRI 200

c. water level in the pan
d. back pressure of warm air

4. Which *of the following would
you use for a base on which to install
a funtace?

a. sand c. asbestos
b. masonry d. rubber

5. In installing a furnace, which of
the following would you use to mike
sure that the unit is level?

a. *tit level ,

4
b. steel tsii)e'

c. T-square

d. 'mason's square

. 6. Which of the following would
you use to seal the ,joints of furnace

sections gastight?

a, furnace 'cement

b. asbestos paper

c. liquid wood

d. furnace shims

1



7. The cross-sectional due area of
a chimney is 8" x 16". What is the
maximum dianieter, in inches, of fur-
mace flue pipe that may be correctly )
used?

10 c. 14a.

b. 12 d. 16

8. In maintaining gravity warm-
air furnaces, you would bear in mind

t deposits on the heat exchanger
4.

a. increase heat transmission

b. reduce furnace draft

c. insulate it
d.

a. 1200

b. 1500

c. 1700

1850

IS. Which of the following, would
you use to calibrate a pressure gage?

a. airflow sWitch

b. 'dead*eight test
c. water level coiitrol valve

cliculation/Pump pressure

create air. leaks
,

9. You are installing a warm-air
conditioning blower unit on a masonry
base. What is the minimum thickness,
in inches, that you would make this/
base?
a. 2

b., 3

14. You ,. have cleaned the inside of
a boiler with a stream of hot Water from
a hose../You dry the inside` of the boiler
with:/

2.741 boiler's bUrner

b. large fan
c. compressed air

kerosene stove

10. In maintaining,* brew warm-
air furnace, what is the minimum num-

. ber of times that you would oil the
blower and the electric motor bearings?

a. monthly during heating season
b. once each quarter
c. once eaeh heating season
d. twice each heating season

11. The sections of a cast iron hot-
water boiler are joined by
a. header connections
b. baffle joints

capserew plates
d. adjusting rings

11 Round cut iron boilers are built
in sizes that can supply a maximum of
how many squsre feet of radiation?

l.

15. In installing a one-pipe open-
tank gravity system, you located the
larger radiators at the end of the sys-
tem in order to

a. equalize heat radiation

b. raise water temperature

e. lower water temperature

d. decrease rate of water circulation

16. The opten gravity hot-water sys- -

tem is designed to operate at the maxi-
mum boiler temperature of 1800 P. This
gives an average radiator temperature
Fahrenheit of

lt 150°

p. no° d. 1800

17. A unit heater is one used to
heat a localized area. How often should
you inspect such a heater?

a. daily c. every 2 weeks

b. weekly . d. monthly



18. How many lialves are in the
water circulating pump of a forced
hot-water heating system?

a. 0

19. How often should you cheak the
control valve in a forced hot-water

ulating system?
I

a. daily c. monthly

.b. weekly d. bimonthly
.

20. Hot-water . heaters are glass
lined in order to
a. strengthen tank wall
b. prevent heat loss

c. resist corrosion
d. maintain water temperature

21. At what level of Fahrenheit.
temperature does the HTHW system
maintain Its water?
a. at 2100 c. . at 212°
b. below 210° d. above 212°

22. When water is at a tempera-
ture of 300° F, what is its approximate
density in lb per cu ft?
a. 40 el 551/2

b. 52 d. 571/2

23. Water at 100° F is increase4 in
temperature to 300° F. What is the ap-
proximate percent of increue in water
volume?
a. 3 a. 5
b. 4 d.

24. Which f the following is the
factor in the system that prac-
tically eliminates internal corrosion?

a. high-pH alkaline water
b. low-pH alkaline water

pressure reducing valves

d. rapidJ absorption of additional oxy-
gen !

25. The heat in the HTHW system
is about how. Many times greater than
the heat in the steam system?
a, 20

b. 25 d, 35

.26. Water is about how many times
as heavy as steam?
a. 3 c. 7

b. 5 d. 10

27. The water used in the HTHW
heating sYstem is drawn from the lower
part of the expansion tank. It is mixed
with the system's return water, and
circulated throughout the system. This
mixing is necessary in order to

a. facilitate cavitation
b. reduce gas pressure
c. prevent cavitation
d. reduce corrosion

28. In starting up the HTHW sys-
tem, you would fire the boiler at what
percent of its rated capacity?
a. 10 c. 20

b. 15 4. 25

29. The specific kind of fuel used in,
firini the boilers of 1-1THW systems de-
pends upon
a. type of firing equipment
b. location of the heating plant
c. size of fuel storage ala
d. amount of impurities the ivater

30. A significant advanta of th. e
HTHW system is fts
a. high energy content
b. relative safety
c. generator tubes
d. slow, rate of cOrrosion
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PREFACE

jr-r HE GOAL OF Memorandum 566 of this course is to present a description
of warm-air iystems, domestic hot-water heating systems, and high-
temperature hotlwater heating systems. To make this relevant to your

Army career, we focused pe discuSsions upon, installing and maintpticing warm-
air- and hot-water heating systems.

We have tried first to establish the princ'ples for the heating system and den
to describe the various . types of furnac for the system before we discuss
installation and maintenance. We follow thu1h the same order, of presentation
in our discussions of boilers, heat-carrying m pressurizing HTIM systems,
piping systems, and safety -aspects .of IITHW heating.

Keep this memorandum for youTi, future use. 4
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Warm-Air Heating

A HUNDREP YEARS ago, fireplaces and
11. potbellied stoves were the most common
heating. systems. Now, as heating systems, they
are symbols of the past As living standards rose,
heating systems improved. Today most buildings
are heated by warm-air systems. .

2. The military uses both warm-air and
hot-wats.b.eating systems. For the firpt system,
the soutte of heat is either the gravity warm-
sit furnace or the forced warm-air furpace. For
the second, the source is the hot-water boiler.
Your job is to install and to maintain these
systems. We want you to understand both syn.

3. Warm-air heating systems are of two types
gravity warm-air and forced warm-air. Our first
chapter tells you how these systems work and

CHAPTER

how to install, fire, and maintain the furnaces
for these systems.

1. Gravity Warm-Air Heating
System

1-1. In the gravity warm-air system, natural
convection causes circulation. The circulatiod
takes place becalise of the difference in weight
between warm air and cold air. Warm air is lighter
than cold air and rises when. cold air replacei it.
A typicaigravity warm-air heating system, is illus-
trated in figure 1.

1-2. Operating a gravity warm-air system de-
/ Pearls. on the size and locationof the air ducts,

the heat loss from the building, the heat from the
furnace, and the difference in the temperatures

I.
Figure 1. 4 typkal gravity warm-air heating system.



II') the warm air and cold air. The most common
'cause ok unsatisfactory operation is insufficient
duct area, usually in the cold-air return ducts.
The totarcross-sectional area of all the cold-air
ducts must be at least equal to the total cross-
sectional area of all the warm-air dtiCts.

1-3. The furnace, for the gravity warm-air heat-
ing system must be lower ,than the warm-air
registers. The gravity furnace is-usually in the
basement. It needs at least 24-inches a clearance
between The plenum or bonnet and the ceiling.
This minimum clearance allows ducts to be in-
stalled with at least 1 inch of upward pitch per
linear foot and leaves room for proper air circu7
lation. .

1-4. Gravity Warm-Mr Furnace& Gravity
warm-air furnaces heat air that is later distributed
through ducts to warm the individual rooms.
As the air is heated in tht furnace heat ex-
changer, it expands and becomes lighter than the
cool air returning to the furnace. The warm4d
air rises and passes into the ducts which are
connected to the top of the furnace. The ducts
are usually sheet metal pipes that rise continuously
from the furnace to the warm-air registers from
whiesh-the air is released into the ipace to be
heated.

1-5. Gravity warm-air furnaces are constructed
of either cast iron or steel. Cast iron furnaces are
constructed in sections which are made gastight
with asbestos-rope packing and futnace cement
the cast iron furnaces usually include a secondary
heating chamber or tadiator which is in the shape
of a hollOw doughnut and mounted OA top. Fig-
ure 2 illustrates a cast iron Jurnace, Steel fur-
naces ere made of welded heavy-gage steel with
a firebrick lining in the combustion chamber to
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protect its walk They also have hone or more
secondary iteat exchangers at the , back or side.
The heat exchangers may surround the furnace.
These furnaces can be designed to burn all types
of fuel. One type of steel furnace is shown in
figure 3.

A major concern pf proper heating, next
to temperature, is that of huniidity in the air.
Consequently, an important device called the
humidifier is used to keep the heated air moist.
The unit is an impoitant part of every warm-air
heating system. Unless you .add moisture to the
air during the operation of a warm-air furnace,
the air is' very dry when it enters the spaces
being heated. The Jack.of moisture has its adverse
effect on the health of the people in these heated
area& The dry air draws moisture out of the wood
furniture and equipment, causing them to crack.
Manufacttirers install humidifiers on their furnaces
as standard equipment to ,eliminate the lack of
moisture in warm-air heating systems. These hu-
midifiers are usually of the pan type. They con-
sist of a pan and a float-operated needle control
valve. This float and needle valve control the
water level in the pan,The dry warm air passing
over the surface of the water in the pan absorbs
some of the moisture. This action causes the air
to be more humid.

1--7. With Os increase in humidity, the people
are more comfortable in the heated rooms at
lower temperatures than if the air.is dry at higher
temperatures. You will note that the furnace in
figure 3 has a humidifier pan. Unless the water
used in these humidifiers is comparatively free
from minerals and other foreign matter, the hu-
midifier pans will require frequent attention. The
minerals and foreign matter collect on the float
assembly and needle valve, causing the valve or
the float to stick open and cause flonding, The

38



float or valve may stick closed and prevent water
from entering the pan. .

histalling gravity warzn-air furnaces. You
should install gravity warm-air furnaces in ac-
cordance with the blueprints, diagrams, and other
instruction furnished by the manufacturer with
each furnace. You should also be sure that die
furnaces are installed, so that they comply with
pertinent post directives. Because there are many
types and makes of coal-, oil-, and gas-fired
furnaces on the maricei, detailed assembly in.:
structions tocuit all of these znakes and types
it.re net published in this memorandum However,
paragraphs 1-9"through 1-20 giere you some gen-

-end installation requirements that apply to all
warm-air furnaces,

,41-9. Read arid study the assembly instructions
that come with the furnace. Each piece of casting
is manufactured to fit in its panzer place. Parts of
one type of furnace are seldom interchangeable
with parts of other types of furnaces. .;

1-10, The furnace must be level and on a solid
masonry baSe. Do not install the furnace on a
basc constructed of wood or other combustible
'material. If the masonry base is uneven, level
-the furnace with'Isteel or cast iron wedges (shims),
or with the leveling bolts on the furnace. Always
usc a spirit level. to make sure the unit is level.

I-11. There shourd be enough clearance for
easy access for making repairs. Leave at least
18 inches between the furnace and a wall Con-
structed of wood or other combustible material.
It is a good practice to install asbestoi boards
on a wooden wall next to a furnace. This reduces
the fire hazard. With masonry walls, the units
may be installed nearer the walls; however, leave
enough room to permit proper servicing. ,Give
special attention to Ceiling clearance. Cover the
ceiling above the furnace with asbestos sheets
or as(bestos paper when the top of the furnace
isslose to the ceiling.

1-12. Joints should be sealed with: liberal
amounts of furnace cement -between the sections

.to insure that the furnace is gastight. Furnace
cement is furnished with each cast iron furnace.
Asbestos rope is also furnished with many, fur-
naCes- for certain applications. FollOw the manu'-
facturer's instructions coveririg its use. See to it
that projections front the furnace, such ! as smoke-
pipes or cleanout doors, extend.throtiih the out-
side of the casing.

1-13. Bolts raust ,be tightened with care.
Tighten each bolt until almost tight. Then, after
you have installed all the bolts, gradually tighten
each one until all are uniformly and properly
tight. Drawing bolts too tight cracks or breaks a
casing or buckles a steel plate.

1-14. When the furnade is assembled, all doors'1*
3

must be checked for free operation and a tight
fit. Air leaking around the doors. reduces com-
bustion efficiency. Check the grates in coal fur-
naces for free movement. To install fircbrick,
follow the manufacturer's instructions.

1-15. The furnace easing, bonnet, and gravity-
return air shoe must be installed according to the
manufacturer's instructions. Fasten the casings or
panels sedurely. If they are interlocking, you
should see that they are set properly in place
and are airtight. If there is no bottom. floor panel
(gas or oil), grout the casing to make it airtight.
Do this by chipping and wetting the floor and
then using a liberal amount of cement mixture. If
you use a circular casing, strip the joints with
-asbestos paper to make them airtight. Use asbes!
tos rope or a draw;band collar te make the
connection bet the flue and the cleanout
airtight. If baffles are furnished or recommended,
install them in accordance with the manufacturer's
reCommendations. When installing baffles, take
are to provide the proper distribution of air

over the combustion chamber and radiator. Check
the heat exchanger before installation for leaks
and craCks.

1-16. Only the downdraft diverters that come
with the equipment should be installed. Diverters
are develoPed for individual furnaces, so you
should never use diverters, of iocal manufacture
unless they have been calibrated for the specific
heating unit. Downdraft diverters are built into
the furnace or more commonly installed in the
gas flue close to the furnace. These diverters
prevent excessive chimney drafts from going
through the furnace and affecting combustion or
even extinguishing the flame. They also prevent
d,owndrafts from reaching the flame.and interfer-
ing with combustion. Air is taken inte thc flue
through the divertcr in the ease of excessive draft,
and expelled from the flue through the diverter
in the case of a downdraft without ever getting
into the combustion chamber. A view of the
downdraft diverter can be seen in figure 30.

1-17. Vents or smokepipes should be at least
as large as the smokepipc outlets on furnaces.
Install all horizontal smokepipes so that they have
a pitch of not: less than 1 inch per linear toot,
as illustrated in figure 4. Fasten a 'vent or smeke.
pipe to tile furnace with at least three sheet metal
screws. ,

1-18, There should be a tight fitting cleanour
for coal furnaces at the point where the smoke
collar extends through the furnace casing, as show
in figure 4. Usually the cleanoins for this location
arc provided by the manufacturer. Install a cheek-
draft in the smokepipe, usually 18 to 36 inches
from the smokepipe outlet of the furnace. Also,
install the checkdraft with its hinges at the top of
the pipe for easy lifting by.a motor damper chain.
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149. The furnace must have an adequate chim-
ney. Good chimneys are built of steel, brick or
other material approved by the (Ake of . the
Yacilities Engineer. Measure to insure that the
Almney has a cross-sectional area equal tn or
larger then the flue Outlet of thefurnace being
installed. The smaller dimension of a rectangular
chimney must be at leut two-thirds the furnace
flue diameter. To be Aatiefactory above sea level,
the area of the chimnpy must bp increased 4 per-
belie fortaatil-40 fiet o altitude abotc sea level.
Figure 4 shows one type of outside chimney. .

You should make sure that the chimney is equip-
ped with a soot and dirt clesnout at the bast.
The upper part of thee chimney is often construc-
ted of a metal section that terminates with an
appropriate hbod. You must check to see that
the chhnney height at least meets manuiactureee
recommendations. Even so, the chimney must
never be less than 15 filet high, and always

4

extend at least 3 fet above the peak of the
roof.

1-20. The Alcune room must be adequately
ventilated to suPpl enough air for combustion,
An opening havih 1 square inch of, free-air
area must be pro ided for each 1,000 Mu, per,
hour of furnace irtptit rating with a minimum of
200 square inchesj LOcate the opening at or near
the floorline wheneveil, possible in addition, you{
should provide itwo louiiered openings in the
ceiling, ode as close to each end of the furnace
room as. 1:iossible, to expel flue gases. These
openings should have a ,free-air area of at least
200 square inches each..: .

1-21, Firing gravity, Warm-air fulnaces. Gas-
and oil-firecY gravity warm-air heating systems
usually have' automatic controls for both the fur-
nace and ffiel supply, .and consequently they do
not req0re firemen for operation.

'1422.1Maintaining gravity warm-air furnaces,
I



You should inspect and maintain -eravity warm-
air furnaces according to a schedule prescribed
for such furnaces by AR's or the local command.
Inspect the roofjacks as well as the smokepipei
from the Inside as well as the outside of the
building. Replace finy noticeable deterioration,
such as a rusted hood, roofjack, or fluepipe.
Replace the roofjeck guy wires if they are badly
rusted. Check the chimney for cracks and holes,
and repair any defects to eliminate air leeks.
When cold air enters the chimney and dilutes the
warm air, ft reduces the draft. All soot and Ay
ash must be removed from the chimney and flue
eleanouts. Inspect the draft dampers for proper
operation, and check the draft diverter for soot
accumulation.

1-23. You should check the heat exchanger
surfaces for warping and rusting. Replace the, units
if they are unserviceable. The firebox doors, doin
hinges, and latciits should\be cheCk*d for damage,
and any broked parts should be replaced. Seal all
of the casing joints with asbestos type calking com-
pound. The grouting around the base of the
furnace should be inspected and repaired if nec-
essary. Clean the furnace heat exchanger and thc
fluepipe surfaceswith a vacuum cleaner. Deposits
on the heat, exc anger insulate it and reduce its
ability ttransmit.heat.

1-24. 16u should inspect the furnace room for
cleanliness and notify your superior of any cbm,
busfible materials found there, such as rags,
papers, and boxes. Also, see that the performance
chart is posted and that it is readable.

1-25. If the furnace has a humidifier, inspect
the float for water leaks. If there is water in the
float, replace the unit. Check the needle valve
for scale deposits and Other obstructions. The
valve seat is cleaned with a sharpened wooden
match or similar soft material. Replace the valve
stem and the valve Scat if the valve does not
close tightly after you clean it.

1-26. You should check all electrical switches
to sec if they operate correctly and inspect the'
electrical wiring. Make out a work order for any
electrical adjustments or repairs.

1-27. Mr Ducts for Gravity Heating. The air
ducts of a warm-air gravity heating system carry
the warm air from the furnace and cold air to
the furnace. The air ducts are large sheet-metal
pipes constructed of lightweight galvanized metal
to reduce weight to a minimum. The metal pipes
are covered with a thin layer of asbestos paper
to reduce heat loss through radiation.

1-28. installing air ducts for gravity heating.
Space warm-air ,ducts or leaders coming 'from
the furnace evenly around the bpnnet of the
unit for efficient heat distribution. A leader
usually has a damper in the first length of pipe
attached to the bonnet, as shown in figure 5.
The warm air is taken from -the casing hood or
bonnet of the furnace through the leaders to
the register box for the first floor, as shown in
figure The warm air for the second floor
flows through a vertical rectangular wallstack,
inside the wall partition, and also terminates at
the register box. Install the register -boxes either
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in the floor or the inside wall near the baseboarci.
The warmair is discharged through the warm-air
registers, which are set in the register boxes.
The registers usually have some type of shutoff
mechanism. Leaders and fittings can be mass
produced or fabricated specifically for each job.
Use prefabricated leaders and fittings made of
asbestos to reduce the danger of fire.

1-29. The air supply for the furnace is the
cool air that comes from the area inside the
heated building. The -air is usually picked up
before it spreads and causes objectionable drafts.'
The air is then conveyed to thc base of the
furnace throughOne or more cold-air ducts, also,
shown in figure 1. These ducts are sometimes
referred to as cold-air returns, and they are usually
mucltImer.4han the warm-air ducts. In some
cases, where the ventilation requirements are high,
some of the air is brought in from outside the
building.

1-30. Air passages that forrn portions of cold-
air returns can be included in the building plans,
and you can construet them on the job ,from
other materials. When you construct them, how-
ever, make the construction reasonably airtight.
As a general rule, you should not equip the cold-
air returns with dampers, since the cold-air returns
are normally constructed in correct proportion to
the warm-air ducts. ,

1-31. Almost every warm-air heating system
requires adjustment and balancing of the airflow,
going to various outlets before The heat is evenly
distributed. You can balance the heating system
by adjusting the damped in the duct branches
while the furnace is in full operation. Continue
balancing until the desired temperature is obtained
in each room. You can also use a velometer or
anemometer to balance the gravity warm-air sys-
tem by following, the manufacturer's. instructions.
If you ever need to furnish additional heat to
some portion -of a building at the end of a long
duct, balance. the butterfly valves hi the other
warm-air' pipes to favor-the deficient one. If this
does not work, install, a booster fan in the defi-,
cient duct to forCe the airstream.

1-32. Maintaining air duets for gravity heating.
Gravity cold-air and warm-air ducts require very
little maintenance. So that the warm air flows
-properly, clean, the ducts with a vacuum cleaner
once each season.- Replace the asbestos covering
which has loosened. Check the dampers and
the register shutoffs for proper operation. All
air leaks in the ducts should be repaired. You
should make a check to see that each pipe is
in true alinement, and insure, that it is fastened
rigidly to some portion of the construction.

1-33. The gravity system with warm-air and
cold-air return pipes or ducts is not generally

toed in military installations. It II not recom-
mended except under unusually favorable condi-
time, such as in a building with a basement
which has adequate headroom and which Is ar-
ranged so that the furnace can be centrally lo-
cated. Because of" the advantaged' of the forced
warm-air system, It I. more comb:Ion.

2. Forced Warm.Air Heating System
2-1. The principle of design used for develop-

ing the forced warm-air heating system is pri-
marily the same as that for the gravity heating
system. Both systems require a heating unit or.
furnace, warm-air. pipes, cold-air returns, and
registers. The difference between the two heating
sysiems is in the, method of circulating the air.
Gravity causes the air to circulate in a gravity
system, while an electric blower oflan causes
the air to Circulate in a forced warm-air heating
system. '0

2-2. One common type Of forced warm-air
heating system, which is shown in figure 6, illus-
trates a few, other minor differences in layout.
On; advantage of the forced warm-air system is
the smaller size of the horizontal warm-air ducts
and cold-air returns. Forced air makes suCh a
redu4tion in size possible. The sloping of the

, pipes so the warm air can rise is not necesiary,
because it is forced through. Each warm-air duct
is equipped with a register daniper that controls
the amount of hot air delivered to a room.

2-3. Notice, too, that the fuinace inothe base-
ment is not centrally located, as it is in the gravity

6

COLD AIR

."'"fURNACE

Figure 6. A forced warm-air heating iystem.
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system. (See fig. 6.) The central location is not
necessary, because file air is forced by the fan
into the rooms. In fact, this advantage allows the
furnace to be located on the same floor with the
rooms to be heated, because the fart or blower
insures that warm air reaches all of the rooms.

24. Forced Warm-Air rurnaees. The furnaces
for * forced warm-air heating system are manu-
factured in a variety of deaigns that are similar
to the gravity warm-air units. The warm-air con-
trols used with furnaces that burn various types
of fuels were discussed in Memorandum 565. The
discussions there pertain to coal-, oil-, and gas-
burning equipment, The coal-flred furnaces are,
in general, similar to the diagram shown in figure
7. This diagram shows the component parts of
the heating unit as well as the circulation of air
through the unit.

2-5. Oil-tired forced warm-air furnaces also are
manufactured in many different designs. depend-
ing upon the type of installation required. A typi-
cal oil-fired forced warm-air furnace is shown in
figure 8.

2-6. A gas-fired forced, warm-air furnace is
shown in figure 9. This is a vertical type upflow.
furnace. It is frequently installed on the same
level as the space it serves. Warm air is dis-
charged vertically from the top, and cold-air
return ducts are brought in horizontally near
the bottom of the furnace to promote the, circu-
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lation of air. Gas forced warm-air furnaces are
also of the horizontal type. The horizontal type
of furnace requires little space, and it is designed
for installation above the ceiling or under the
floor cIf the space to be heated. Since the fur-
nace occupies little spoce, it should be located
so that there is propel.acc,ess,for servicing.,

2-7. Installing forced warm-ali furnacvs. Install
forced warm-air furnaces according to the proce-
dures and diagrams issued by the manufacturer.
Since the installation procedures for forced warm-
air furnaces are similar to those for gravity fur-
naces, we recommend that 'you review briefly
the general installation requirements for the
gravity warm-air furnaces mentioned previously
in this chapter.

2-8. Most warm-air circulating blower units
are built as part of the furnace by the manu-
facturer. You should bolt such units to a masonry
base that is at least 3 inches thick and that
extends at least 12 inches beyond the furnace
casing. However, if the blower unit must be
mounted separately, fasten the blower and blower
motor to a masonry base in true alinement. In-
stall the filters on the inlet side of the casing so
that all of the air is filtered before entering the
fan.

2-9. The cabinet, housing the plower unit,
should have doors so that you can easily oil,
adjust and repair the motor and blower, and
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S. Filters
b. Soffits liner.
c. Cabinet
J. Flame- observation door
0. liadiating surface

tf. Sumer compartment
g. O1 borne(

Oil burner bate

1. Furnace base V

j..Combustion chamber mounting
k. Airtight steetfloor
P. Asbestos cloth seal

m. Slower fanwheel
n. Brower
. Adjustable speed pulley
p. Electric wiring- (underwriters laboratory approved)
o. Electric motor

Figare 8. A typical oil-fired forced warm-air furnace.

replace the ait: hlters. The complete unit must
be reasonably well conetructed to prevent- air
leakage.

2-10. Firing forced warm-dir furnaces. Forced
warm-air furnacee are fired in the same manner
as the gravity warm-air furnaces. We mentioned
the methods used to fire gravity warm-sir fur-
naces previously in this chapter.

2-11. Maintaining forced warni-air furnaces.
Since we discussed maintaining stokers, oil burn-
.ers, and gas burners in the memoraqdum covering
these units, this discussion pf maintenance that

follows pertains to the furnace as a unit. ForceCI
warm-air furnaces should be inspected and main-
tained in accordance with the manufacturer's
recommendations, pertinent Army regulations,
and race. post directives to comply with the
mandatory requirements and obtain efficient op-
eration. Since the maintenance requirements for
forced warm-air furnaces are almost identical to
those for gravity warm-air furnaces, we reconi-
mend that you review the paragraphs covering
these requirements. However, instructions that
pertain primarily to the maintenance of forced
warm-air furnaces follow:



a. Seal all blower casing joints with asbestos
tape or caulking compound. Inspeci the grout-
ing around the base of the blower and furnace
casing to see if it is damaged or missing, and
make any necessary repairs.

b. Inspect air filters at least once each week,
You should clean or replace them whenever
they need cleaning .or replacing. Dirty filters re-
duce airflow, impair heating performance, and
increase fuel consumption.

e. Check throwaway' filters. Hold the filter
against the light; when little or no light shines
through the filter, replace it, You iriuld not
wash and recoat these filters. They dually con-
sist of a graduated filtering medium most densely
packed on the outlet side to increase the dirt-
holding ,capacity of the filter. When you install
this type of filter, make certain that yoir place
the filter with the denser filtering medium on the
outlet side. These filters are usually marked to
indicate the proper direction of airflow through
them. ,

d. Renew cleanable filters. Wash them in a
strong nonflammable solvent and allow them to
dry thoroughly, as shown in figure 10. You
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Figure 9,.4 typical goi-gred upflow forced
warntpair furnace.

FILtERS

DRYING RACK
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Figure 10. A typical filter waslfing and drying
station.

should then recoat them by using a hand sprayer.
Filters are recoated only with an adhesive speck
fied for this purpose. The adhesives, which are
available through filter manufacturers, should be
odorless and fire resistant. The coatings should
have a high capillary attraction or ability to be-,
come wet, hold dust at all operating temperatures,
prevent mold formation, and evaporate moisture
slowly.

e. Oft the blower and electric motor bearings
regularly, 'at least twice each heating season.
These bearings are usually fitted with oil cups.
Use the oll recommended by the manufacturer.
Do not overoil the bearings, but oil the bearings
sufficiently; otherwise the shaft will seize in the
bearinls and stop the motor and blower.

f. The electric motors are mounted on adjust-
able bases to permit better adjustment of the
blower belt tenston. Unless a manufacturer apecif-
ically recoMmeilds a tighter adjustment for this
purpose, adjust che base of the motor 30 that there
is viz incivz 21/2 finches of play in the belt, as
illustrated f. Imre 11. You, should make certain
that bot: pi, 'e wheels are in perfect alinement.
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Figure 11. A- forced air blower fan belt
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Figure 12. A typical forced warm-air duct layout for a two-story barrack&

2-12. In actual operation, an electric motor
turns the blower by means of 'a V-belt. As the
blower turns, the cool air flows through the
filters which- remove the d st and dirt. From

hich forces
it past the firebox to the heat exchanger of The
furnace where it is heated. The heated air is then
forced into and through the warm-air ducts and
into the various rooms. As more air is forced
into the rooms, the cold air there flows back to
the furnace through the cold-air returns and
starts anot er cycle.

Dads for Forced Warm-Air Heating.
The air duc pr forced warm-air heating systems
are usually ctangular in shape. However, you
May use round ucts whenever they are necessary.
With a positive3pressure blower, you may use .
smallet ducts d extend the system to heat larger
areas without sloping the warm-air ducts. A forced .

warm-air duct layout for a two-story barracks
is shown in figure 12.

2-14. Installing.air ducts for forced warm-air
heating. Air ducts for forced warm-air beating
systems, like the ducts for' gravity warm-ak sys-
tems, are constructed of sheet metal. They are
normally constructed in the sheet metal shop in
accordance with given specifications. The cross-
sectional area of rectangular warm-air ducts is
large at the furnace, but it gradually tapers at
the end. Air ducts usually run from the furnace
through partitions and along the ceilings of
ways and rooms. The cold-air return clods for
a forced warm-air heating system are redtangular
and much 'larger than the warm-air ducts. They
are usually short since the hallways of the build-
ings serve as a cold-air return. Both the warm-
air and cold-air ducts are usually hung from the
ceiling with metal strapping. When you install air
ducts for forced warm-air heating, leave an air
space between the ceiling and the ducts to reduce
the, posSibilities of fire. Equip warm-air ducts
for forced svarm-'air heating systems with dampers,
shutoffs, and registers to control the flow of

warm air. Figure 13 shows' at:diagram of a voluthe
damper. You must, of course supplement these
instructions by reference to the pertinent siiecifi-
cations aii-dlueprints.

2-15. Maintaining air ducts for forced warm-
air heating and balancing the system. The air
duets for a forced warm-air heating system arc
quite trouble free and require very little main-
tenance. Vacuum clean the ducts once each sea-
son. Check the dampers and other air controls
for proper operation. Figure 14 shows a -diagram
of an .air duct with a splitter damper.

2-16. When the splitter damper handle is bent
or the damper shaft is twisted, it is difficult to
determine the exact position of the damper, be-
cause it cannot be seen. In such a case, the
damper may be inadvertently pOsitioned to shut
off the flow of air to one of the duets. During
maintenance services, check. such dampers .for
correct alinement. All of these dampers should
have a locking device and some means to indicate

2-17. After you check the dampers for proper
operation and true alinement and the system is
in full operation, you should balance thc system
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.Figare 13. A diagram ol a volume damper.
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SPUTTER DAMPER

AIRFLOW

Pigare 14. As a4r duet udth a splitter damper.

,

by ladJuiting the dampers in the duet branches
and stack leads. Continue balancing .until yoif

t obtain the desired temperature in each room.
This process is referred to u the trial and error
method.

2-18. You can also balance the system by
using a velometer or an anemometer. You should
regulate the dampers until the air from the regis-
ter is about 50 feet per minute. Take this mea-
surement about thrse-fourtba of the distance
away from the register to the opposite wall.

11



Domestic H;t-Water Heating

A LtH6UGH THE hot-water system does not
,,L1L replace the warm-air system we discussed in
the previous chapter, it has many advantages over
the warm-air system. Air is not the most -efficient
heat carrying medium; both hot-water and steam
carry more heat than air. Like air, water and
steam may be heated at a central source and
carried throughout the building in pipes. But un-
like air, the water and steam are never- open to
the atmosphere. The hot-water system, then, is
better for buildings such as hospitals where the
air may be contaminated and should be circulated
as little as possible.

.2. The 'military uses both, cast iron and steel
hot-water boilers, as sources of heat for domestic
hot-water srtems in residences and other build-
ing& Small hot-water heaters heat the hot water
for domestic and for limited industrial uses.

3. In this chapter we tell you how cast iron
and steel hotWater boilers work. We discuss two
types of hot-water distribution systems NIA t h you,
gravity and forced-circulation systemsthe in-
stallation, operation, and maintenance of the
boilers and the distribution systems. Finally, we
discuss the hot-water heater, how it works, and
lighting and maintaining it.

3. Hot-Water Boilers
3-1. Hot-waier boilers come in many shapes

and sizes. They arc constructed with a firebox
for burning fuel and have provisions for passing
the hot gases over the heat-absorbing surfaces
of the boiler. In most cases, baffles guide the
gases over the most effective route. These baffles
also retard the flow of the gases from the furnace
so that the water can absorb as much of the
heat as possible. Both ends of the boiler have
openings for cleaning the boiler tubes and for
washing the interior of the boiler. Since most
biliters are stationary, units that are permanently
installed at the site, they have specified fittings
and accessories for a specific heating job. Some
boilers, however, called package boilers, are
complete units, including the fittings and acces-
sories. These boilers are normally mounted on
skids so that they can be moved to different sites.

CHAPTER 2

3-2. Some types of hot-water boilers may be
classified u package boilers. Most package boilers
are stexm boilers. Package boilers have most of
the boiler acceisories mounted on the same skid
or platform with the boiler, and they are alreadi
hooked to tlite boiler. The package boiler "is gen-
erally one 'with a aelf-contained firebox and i3
somewhat portable. This accounts for the term
"package boiler." Package boilers usually have
the same accessories and controls as the comps.-
rable stationary type Of hot-water or steam
boiler. Cast iron boilers are seldom used as pack-
age boilers because of the danger of cracking the
boiler sections during tranaportation. You read
about automatic controls for boilers in Memoran-
dum 565 of this course. They are discussed in the
sections on _burners, because the burners are di.
rectly what they control You also read, about
draft, air fuel ratios, ignition, safety shutdown,
and pressure controls.*

3-3. Cast lron Hot-Water Boilers. Cast iron
hot-water boilers vary id size fronrsmall domestic
units to moderately sized units capable of develop-
ing about 30 horsepower. These boilers are usu, '

ally constructed of several sections joined together
by some form of connection. Push nipples are one
kind "of connection. Push nipples are normally
round pieces of metal pipe tapered at both ends.
The boiler sections arc ordinarily also connected
by pipes known as header connections.

3-4. Cast iron boilers normally do not have
brick settings. Usually, the only bricks used in
connection with these boilers, arc those which
are sometimes used as a base for, the boilers. In
most cases the bases are made of cast iron. Cast
iron .141erscan be further classified as round and
square types.

3-5. Round cost iron type boilers. Round cast
iron type boilers vary somewhat in constrnetion.
In general, however, they are typified by the ,

unit which is shown in figure 15. This unit con-
sists of a top section, in which the outlets and
safety valve tappings are located; a number of
intermediate sections, depending upon the amount
of heating surface required; a firebox section. in
Which the return water tappings are located; and

12 F`
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Figure IS. 4 typical round cast iron boiler.

a base and an ashpit. Round cast iron type boilers
are small and compact and are built in sizes
capable of supplying up to 1,700 square feet of
radiation.

3-6. Square sectional cast iron type boilers.
Square sectional cast iron-type boilers are similar
to the typical unit shown in figure 16. This
Wier consists of a front and rear section and a
number of intermediate sections, depending on the
size of the ,boiler. The sections are connected on
each side at the top and bottom either by push
nipples or by an outside header. When nipples arc
used, 'these sections aie. held firmly together by
rods and nuts.

FRONT SECTION '
INTERMEDIATE SECTIONS

3-7. The boiler shown in figure 16 has a sep-
orate base which does not contain water and,
therefore, requires a floor of firepropf construc-
tion. Boilers which have water in their. bases are
referred to,as wet-bottom boilers. ,These boilers
are relativq, small water units which may be in-
stalled on floors constructed of combustible mate-
rials. This method of installation, however, is not
desirable.

3,-8. The construction of square sectional boil-
ers is ordinarily such that the sections can be taken
through regular sized doors for assembly inside
the boilerroom. This is a distinct advantage from
the standpoint of both installing new equipment
and replacing kroken sections. Cast iron boilers
resist the chemical action of corrosive agents much
better than steel boilers.

3-9. The disadvantage of castS iron hot-water
heating boilers is tke danger of the sections crack-
ing or breaking when improperly handled or fired.

3-10. Steel Hot-Water Boilers.. Most steel hot-
water boilers are constructed in two sections. One
sections consists of the water jackets, combustion
chamber, and smoke passages. These components
are either welded or riveted together as a unit. The
other section consists of the base and either the
grates or burner, and is constructed according to
the type of fuel used.

3-11. Another steel boiler is a horizontal unit
of the portable type having an internal firebox
surrounded by water lanes. Jt rests either on a
cast iron or a brick base. The front part of the
boiler rests on a pedestal. A disadvantage of this
one-piece steel boiler is that it is heavy and re-
quires special equipment to lift it.

REAR SECTION
SMOKE PASSAGES

aRATS cHAKER HANDLE

Figure 16. square sectional cast iron boiler.
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Figure 14 A typical pressure relief valve.

342. tikr Fittings and Accessories. All
boilers have certain accessories for safety and
ease of operation. These accessories are pres-
sure relief valves; pressure gages, water level
control valves, and automatic controls.

3-13. Pressure relief valve. In a closed hot-
water heating system, there is always the pos-
sibility of building up a dangerous pressure. Con-
sequently, anpressure feller valve is installed to
allow this pressure to escape. A typical preSsure
relief valve is shown in figure 17. This valve is
usually on the top of the boiler. It contains a
springioaded valve which unseats when the pros-

,' ; sure in the system increases -to a predetermined
value, thereby allowing water to escape until the
pressure drops to a safe point. A valve of-this type
can be adjusted for different pressures.

3-14. Pressure relief valves may eventually cor-
rode and stick if they are not forced to operate
occasionally. It is good practice, once each month,
to increase the pressure US a point that operates
the valve. When the relief pressure on the gage
exceeds the setting of the valve, check the valve
pressure with an accurate gage and adjust to the
required amount. However, do not exceed the
maximum safe pressure of the boiler.

3-15. Press* gage. The saperator must know
the water pressure in Ilhe boiler at all times. A
water pressure gage similar to the one shown in
figure 18 mates this possible. The gage Js con-
nected to the top of the boiler. IL shows the water
pressure in the boiler and in the system in the
pounds per square inch. 'This gage is usually
a combination gage which also indicates boiler
water temperature and altitude. The 'type shown
in figure 18, however, indicates pressure only.

14

346. Very little maintenance is required for
thia unit, other than to clean the glass so that the
gage can be read. Some types of pressure gages
are conatructed so that they can be reeallbrated,
but the proper equipment to do thia is not always
available. To properly calibrate a. pressure gage,
you must have either 'a muter gage set or a dead-
weight tester.

3-17. Water level control valve. Water is added
to a hot-water heating system by either a manually
operated water valve or an automtic valve, which
is cotitrolled by a float mechanism. Both valveg are
nearly identical to those used in the free-water
system of a steam boiler.

3-18. Airflow switch. The airflow switch, or
"sail switch" as it is sometimes called, is in the
stack, breeching, or the air inlet to the boiler. Thig
switch shuts down the firing equipment in event
of an induced or forced draft failure, To check
the operation of thic sv.;tch, you restrict or shut
bff the draft. When you have gone this, the switch
should shut off the burning eouioment._

349. Automatic control& Automatic controla
applicable to hot-water heating -systems were dis-
cussed in Memorandum 565 of this course,

3-20. Installing Boilers for Hot-Water Heating.
It is very important that a boiler has a good foun-
dation. The top surface of the foundation should
be level to insure proper alinement of the boiler
sections, and thus eliminate undue strain on the
boiler castings. The furnace foundation should be
poured separately from the finished floor. It should
be of sufficient width and depth to afford ample
support for the boiler without any settling, and it
should extend 2 inches above the finished floor.

INDICATOR AND

CASING

PSI PRESSURE GAGE

NATIONAL PIPE THREAD

Figure le A typkal water pressure gage.
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Assembly procedures vary in detail for various
boilers. However, manufacturers furnish detailed
procedures for the assembly of their boilers. Usu-
ally, the plans for the foundations can be pro-
cured froth them.

3-2I. Operation of Hot-Water. Boilers. Hot-
water boilers, regardless of their design and type,
operate on the same basic principle. The fuel
burns in the combustion ehamber and; preduces
heat. The resultant heat is radiated and conducted
to the water in the water jackets surrounding the
combusttora chambers and pass through the boiler
tubes, heat is liberated by the flue gases and ab-
sorbed hy the water surrounding the .tubes. The
amount of heat transferred into the water depends
on the rate of heat conduption through the metal
in the boiler tubes and the ratc of water cifculation
in the boiler,. For this reason, boilers are designed
with baffles to hold the hot gases as long as
possible. They give up illaXiITIUM heat before pass-
ing info the chimney.

3-22. Maintaining Hot-Water Boilers. The
maintenance of steel boilers is a continued opera-
tion. For efficient operation keep the inside and
outside of the boilers free from scale, slag, and
soot. Keep the grates and the combustion cha,m-.
ber clean. Remove the asheS from the ashpits and
the clinkers from the grates. When the boiler is
to bc closed down for the summer months, remove
the manhole plates as well as the cleanout plugs,
and wash out the boiler thoroughly. Also, remove
the scale and sediment that may have collected
in tbe boiler, and wash the inside of the boiler
with a stream of water fiym a hose. Then dry the
boiler internally by burning a small kerosene stove
in the firebox. Never dry out a bojld with the
burner which operates the boile The burner
dries the surface too fast.

3-23. The smokepipe, flues, firebox, and any
part cif the boiler which has been in contact with
the hot gases, must be thoroughly cleaned during
the summer' overhauf. Corrosion and rust form to
a greater degree when the boiler is idle. The door
hinges and other similar units should be greased
or oiled.

3-24. Sometimes it is necessary to replace one
or more sections of a cast iron boiler because of a
leaking nipple or a craeked wall. To remove the
section, ydu loosen and remove the bolts holding
it in place. Then drive wooden wedges between
the damaged section and the one next to it, both
at the top and bottom, to separate the sections.
Repeat the procedure for removing other sections.

3-25. When steekboilers develop a leak, weld
or rivet them. When boiler flues are unserviceable,
replace them.

3-26. Plugs and handholes are on the outside
of the boiler so that you can reach the vanillas
parts of the boiler for 'Cleaning. The drain valve
and rod-out openings are usually at the lowest
point of the boiler, so that sediment, rust, and
like foreign matter can be washed out readily.

4. Hot-Water Heating Distribution
Systems

-

4-1. In hot-water heating systems, water is
heated .a a central source, and circulated through
pipes to radiators, convectors, or unit heaters.
There are two general types of low-temperature
hot-water heating systems. The first type is the
gravity system in which water circulation depends
upon the weight diffeeence between the hot
columfi of water leading to the radiators and the
relatively cooler, heavier column of water return-
ing from the radiators. The second type is the
forced-circulation system in which water is circu-
lated by a power-driven pump.

4-2.'Gravity Hot-Water Distribution System.
The distribution systeMs and piping for hot-water
heating systems and for domestic hot-water supply
systems are simpler in design than those for steam,
because there are no traps, drips, or reducing.
valves. Several items such as supports, insulation,
and some valves and fittings are the same for both
steam and hot-water distribution.

14-3. Gravity hot-water distribution systems op-
erate because of the gravitational pull -on the
heavier cool watet, which sinks as the heated
water becomes liAter and rises. At this point,
we discuss some of the types of gravity systems
that are currently used.

4-4. One-pipe open-tank gravity system. The
one pipe open-talk gravity distribution system,
shoWn in figure 10, consists of a single distribution
pipe which carries the hot water to all of the
radiators and returns it to the boiler. This system
is easy to install and moderate in cost.

4-5. The water which flows into the radiators
at the end of the system has a lower temperature
than the water entering the first radiators. A sys:-

. tem of this type should be designed so that the
water reaching the last radiator, is not too much
cooler than the eiater reaching the first radiator.
Because ,of this progressive temperature drop in
the distribution system, larger radiators should
be installed at the end of the system to equalize
the amount of hea radiation per radiator. It is
diffiCult to get enough circulation by gravity to
give the system small radiator temperature drops;
consequently, we do not recommend the one-
pipe open-tank gravity system.

4-6. Two-pipe open-tank gravity system. Many
hot-water gral/ity. distribution 'systems are two-
pipe open-tank systems, suclias the one illustrated

a15
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Figure. 19. 4 onepipe open-tank gravity hot-water
distribution ,systgut.

in figure 20. This heating system is constructed
with separate water mains for supplying hot water
and returning cold water. The radiators are con-
nected in parallel between the two mains. In the
two-pipe open-tank gravity system, the distributing
supply Mains are either in the basernent with up-
feed to the radiators or in tlie attic. When the
system is in the odic, it has overhead downfeed
supply risers. The return mains are in the base-
ment, Return connections.for the two-pipe system
are usually made into a gravity return, which,
pitches downward to the return opening in the
heating boiler. The water temperature is practi-
cally the same in all radiators, except for the
allowance to be made for the temperature drop
in the distribution supply mains occurring between
the boiler and the end of the circuit. Water tem-
peratures are the lowest at therend of the circuit.
The amount of temperature drop between the
beginning and the end of the line depends upon
the length of the main and upon'the heating load:'

A tank with its vent open to the atmo-
sphere is installed in the system above the highest
radiator, as shown in figures 19 and 20, for water
expansion. The water level in the expansion tank
rises and falls as the system is heated and cooled,
and the system is fulfof water and free from air,
at all times. It the open-tank groity hot-water
heating system, the ,expansion tank is installed
on a riser directly above the boiler so that the
air liberated from the boilerwater will enter the
tank and not be retained in the system.

4-8. One-pipe .closed-timic distribution system.
A one-pipe closed-tank gravity hot-water distri-
bution system, like the one shown in figure 21,
is similar to the one-pipe open-tank gravity hot-
water heating system except, that the expansion
tank is a pneumatic compression tank not Open
to the atmosphere. When the water in a closed-
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Figure 20. A two-pipe open-tank gravity hot-water
distribution .syStens.

Figure 21. 4 typkal one-pipe dosed-tank
distribution system.

tank system is heated, it expands into the pneu-
matic compression tank. This action permits
'system operation at a much higher water tempera-
ture, without boiling, than the temperature in the
one-pipe open-tank gravity system: This also
results in higher heat emission frornthe radiators.

. 4-9. A gravity open-tank systtm with an aver-
age boilerwater temperature of 170° F. has a
radiator emission rate of 150Btü psf, whereas a
gravity closed-tank system, with an average boiler-
water temperature of 190° F., has a radiator
emission of 180 Btu psf. Higher boilerwater tem-
peraturc.s permit higher temperature drops
through the radiators; consequently,, smaller pipc
sizes can be used. The closed pneumatic com-
pression system requires a relief valve, usually
set for the relief of water pressures over 30
psi, depending upon the height of the building.
A. pressure-regulating valve automatically main-
tains the system full of water. The installation of
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the, radiators and piping for an equivalent two-
pipe closed-tank gravity upfeed or overhead down
feed system is the same as that for the bpen
system except that the sizes of both the pipe and
.radiators are uniform and can be smaller. The
open-tank system may have a reversed return
main which does not go digetly back to the
boiler. '

4-10. A reversed return main does not go
directly back to the boiler. It doubles back from
the last radiator and parallels the supply main
back to the boiler entrance. Reverse return sys-
tems allow equal Jength of heating circuits for
all radiators. Friction and temperature losses for
all radiators are nearly equal. In most cases, the
reversed return system invol es no more piping
than other piping arran nts. With the correct
size of piping and radiator supply tappings, the
reversed rcturn system provides even heat and
circulation to all radiators, even those near the
end of the circuit.

4-11. Expansion in -gravity hot-water distribu-
tion .systerris. In the gravity and forced-circulation'.
systems, open and closed expansion tanks allow
the water in the distribution system to expand
as the temperature risgs. An open Mnk must be
mounted at the highest point in the system; a
closed tank can be located at any %pint. If the
air cushion leaks out of the closed expansion
tank, it fills with'. water. At times, you must
recharge the tank by draining part of the water
out of the tank and allowing air .to fill the space.

4-1/In the open system, "an expansion, tank
open to the atmosphere allows the system to
expand. The open system is normally designed
to operate at the maximum boiler temperature
of 180° F. This gives an average radiator tem-
perature of 170° F., ~or a radiator output of
150 Btu per square foot (psf). The closed sys-
tem, in which the expansion takes place against
a cushion of air in .the tank closed against the
atmosphere, can be operated at temperatures
above 212° C., because the pressure, built up 0
in the system prevents the water from boiling.
Radiator temperatures- then become equal to
those of low-pressure steam systems.

4-13. When a hot-water system is first filled
with water, it is normally necessary to bleed
the air out of the system at the same time.
You can remove the 'air by opening an air vent
on a radiator or by breaking a ynion near the
end of the line. The temperature of the water
that is distributed is from 150G to 250' P. The
higher temperatures are used with the forced
circulation systems.

Foreed.Cireulation Hot-Water DWribu-
. tlim System. Forced-circulation hot-water distri-

bution syrems have several advantages. They

permit the use of smaller pipe sizes and allow
thilnitaltation of radiators t the same level as
the' boiler, or. below, withdut impairing water
cireulation. By using a circulation pump, a posi-
tiVe flow of: water is assured throughout the
system.. In larger installations, especially where
more than one building js served, forced circula-
tion js almost invariably used. With the develop-
ment of the circulation pump of modetate cost,
the forced-circulation system is being -used more
et,F,tensively in small heating installations.

4,15. Even as in gravity systems, forced-el-mu-
latkin systems can consist of a one-pipe or a two-
pipe, upfeed or downfeed, and cam-be equipped
with a direct or a reverse return. Although these
systems usually have closed expansion.tanks, they
may have open tanks. _

4-,16. One-pipe, closed-urnk ofbrced-circulation
system. The general arrangement of a one4iipe,
closed-tank, forced-eirCulation system, shown in
figure 22, is similar to the one-pipe gravity sys-
tem, but with the addit'ion of a circulating pump.

4-17. The circulaticin tO individual radiators
Is improved by special supply.and return connect-
ing tees. These teeS, bY an ejecting action on the-
distribution supply main and an ejecting action on
the return, combine to use a portion of the veloc-
ity head in the main to increase circulation
through the radiators. Tees of this type also aid
stratification of hot and cold wat r within the
distributing main. They are design d to take off
the hot-test water from the top of the main and
to deposit the -colder water on the bottom of the
main. - -

1

4-18. Tiv -pipe, closed-tank, forcd-circulaiion
system. Tile general arrangement of the piping
and radiators for two-pi I e forced-circulation dis-
tribution Systems is the s me as that for the two-
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4-22.Rodiotors: The radiator ars heat
from the hot water in the pipes of it., hot-water
heating system into the air in a room. A radiator
is usually constructed of cast iron and askernbled
in sections, as shown in figure 24. Tfamaged
radiator sections can be replaced without replac- -
inglhe entire radiator bly.

4-23. Radiators usually re t on ttle floor. How-
ever; they can be either mounted on a wall' or
*hung from the ceiling. The location of a radiator
depends on the type- of room to be heated_ and
its locatton with respect to the location of the,
boiler. For instance., in a f rced-circulating hot-
water distribution system, t e radiators may be
on the same level with the bo ler.

4-24. Hot )ner heating/system radiators and
high points i the distribition lines must have
some type of vent that re eases air from the sys-
tem. Air trapped in the /system prevents the cir-
culation of water,. For this purpose, a manually
operated key type air ent, like that illustrated
in figure 25, can be used.

. 4-25. Manually operated key type air vents can
be replaced by automatic air vents. One type ofJ

COICIXATING PUMi
/

Figure 23. A two-pipe, closed-tank, forced-
. circulation . System,

pipe gravity systems. The relative lobations of the
compression tank relief valve and the circulating
pump are shown in figure 23. -

4-19. Distribution System Component& The
:component parts ot` a hot-water distribution sys-
tem include: pipelines, radiators; unit heaters,
circulating pUmps, reducing valve& flow-control
valves, and special flow fittings.

4-20. Pipelines. The piping system cons tutes
the closed passageway for the deliv hot
water to the points where it is used. Pipelines
are made up of lengths of pipe fastened by
screwed, flanged, or welded joint& They have
valves and fittings such as tees unions,' and
elbows, according to ,the needs of the installation.
Pipelines are supported by hangers and fastened
by anchor& Expansion joints or loops allow for
expansion.

4-21. Mains and branches of the pipeline
should be pitched so that the air in the system
can be discharged through open expansion tanks,
radiators, and relief valves. The pitch is generally
not less than i inch for every 1O4eet. The piping
arrapgeinents for a new systeni should include
provision for draining the entire system.4
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'Figure 24. A typical cast Iron sectional radiator.
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Figure 25. A manually operated key type air vent.

automatic vent is illustrated in figure /6. It auto-
matically allows the air that forms in the system
to escape. When air vents fail, replace them.

4-26. Radiators also have shutoff valves, such
as the one illustrated in figure 27, which reduce
or stop the flow of hof water through a radiator.
They are installed in the piping adjacent to the
inlet side of the radiator. Occasionally, you must
tighten the packing nuf on these valves 'to prevent
the ater from leaking around the valve stem.

4- 7: Unit heaters. A unit heater is one used
to heat a localized area. The heater consists of
a heating coil that is supplied with hot water.
The coil is usually of the finned type, and air
is /circulated over, it by an electric fan. A unit
heater installed in a distributiop main is illus-
,trated in figure 28.

4-28. Servicing unit heaters includes a monthly
ipspection. Each month check fot water leaks,
cleanliness of the finned coils, and the operation
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of the fan motor. Other accessories which you
also should inspect are traps, air vents, fan blades,
and "Val VeS. Make any needed repairs. Lubricate
othe electric fan monthly. .

4-29. Circulating pumps. A forced hot-water
heating system has:a water circulating pump in
the return line near the boiler. This pump insures
the positive flow of water regardless of the height
of the system or the drop in the water tempera-
ture. Greater velocities of waterfiow are obtain-
able with \forced circulation than with gravity
circulation.

4-30. Circulating pumps are free of valves and
float control elements. They are operated under
a sufficiently high water inlet temperature to
eliminate the difficulties caused by vapor binding.

FLOAT

VALVE
CLOSED

VALVE

OPEN

CONNECTION TO RADIATOR

Figure 26. One type of automatic air vent.

The pumps are usually operated by electric
motors.

4-3I. During maintenance servicing, check the
pump carefully for proper rotation, and lubri-
cate the electric motor and pump according to
the manufacturer's ingtructions. Also you period-

4 ically clean the pump of sand, rust, and other
foreign matter. which .has collected in the pump
casing. Be sure that the pump rotates freely and
that the shaft packing glands, if there are any,
are not drawn up so tight that they score the
shaft.

4-32. Reducing valves.- A' reducing valve is
normally installed in the cold-water line going
to the boiler. It automatically keeps the closed
system supplied with water at a predetermined
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Figure 27. A typical radiator shutoff valve.

safe system pressure. These valves are usually
set at the factory, but you may ,adjust them in
the shop to a desired pressure. You should install
this valve at approximately the same level as
the top of the boiler;

4-33. Flow-control valves. Forced hot-water
circulating systems use the flow-control valve,
shown in figure 29, which is normally installed
in the distribution main. This valve prevents grav-
itational flow of* water through the system. The
valve does not offer' any serious resistance to the
flow -of water when the circulating pump is in
operation. However, when the pump is not op-
erating, the small gravitational head of 'water
cannot open the valve. Each week you should
check the flow-control valve for proper opera-

GAYE.*
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AT HIGH POINT
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PIPING FOR UNIT HEATER INSTAU-ED
ON GRAVITY HOVNATER SYSTEM-NO
INDIVIDUAL CIRCULATOR NEEDED ON
A FORCED-CIRCULATION SYSTEM

Figure 28. A typical unit heater installation.



OUTLET

INLEIJ
Figure 29. One type of flow control valve.

tion and free .Inovement. Examine the valve for
water leaks and retlair it when necessary.

4-34. Special flaw fittings. Various types of
special tees that are designed to deflect main-lirie
water into the radiator branches are used in one-.
pipe and two-pipe forced-circulation systems.
These fittings' are designed and calibrated to the
size of the. radiator and system operating tem-
perature. Fittings of .this type arc required with
one-pipe forced-flow systems, and they do
equally well for radiators above and below the
distribution mains.

4-35. Installing Hot-Water Heating Systems.
The general information given in this 'chapter
about installing hot-water heating systems should
be supplemented by detailed installation proce-
dures from the manufacturer of the heating
equipment to be installed.

41;36.1"daintaining Hot-Water Heating Sys-
, tems. Hot-water heating systems require little

maintenance other tlinn periodic checks to make
certain that all air is out of the system and all
radiators are. full of water. The circulating pumps
should b.: oiled regularly, in accordance with
the manufacturer's instructions, and the pressure
relief valves should be checked periodically.

4-37. Troubleshooting Hot-Water Heating
Systems. Some of the commoU discrepancies
which you will encounter when troubleshooting
hot-water heating systems are as follows:

OPERATING
HANDLE

VALVE DISC

VALVE SE'AT

Roller Trouble '

SyMptoms Remedy

Boiler smokes through Clean the boiler flues
the feed doors. and the fluipipes. Re-

pair any chimney leaks.

Boiler heats slowly. Increase the draft.
Check on the type of
fuel. Clean the boiler of
scale. Blow down the
boiler.

Boiler produces insutfi- Clean the boiler of
scale. Change to a
larger, boiler. Blow
down the boiler. In-

cient heat.

Symptoms-

Radiator ,anti

Symptoms

Radiators will not heat.

Remedy

crease 'the draft, and
check on the type of
fuel.

Unit Heater Trouble

Remedy

Insofftcient water in sys-
tem. Bleed the air from
the system. Open the ra-
diator valves. Clean the
corroded valves, and
check the' operation of
the circulation pump.

Distribution Piping Trouble .

Symptoms

Distribution piping will
not transfer hot water
till the radiators.

Remedy

Insufficient water in the
system. Bleed the air
from the high points in
the distribution piping.
Check the operation of
the circulation purnp.
Check for corrosion'
stoppage in the distribu-
don piping.

5. Hot-Water Heaters
5-1. Clean hot -water is required in many in-

stallations for domestic use and for- industrial
use. Since boilerwater cannot be used for this
purposes because of the chemical added, it is
necessary to heat other water. The water may
be heated in tanks equipped with coiled piping
through which the boilerwater circulates. Or it
may be' heated in independent units that heat
by electricity, gas, oil, or coal.

5-2. Domestic hot-water heaters are built) in
various sizes from 29" to 50-gallon cap9.cilies.
Industrial type hot4ater heaters are designed
to heat 'thousands of gallons of water, depending
upon the amount an installation uses.

5-3. Modern hot-water heaters arc self-con-
tained and require veiy little attention, since they
are fully automatic. The diagram of a gas-operated
hot-water heater is shown in figure 30. These
units are cylindrical in shape, and they have
diameters ranging from about 12 to 30, 40, and
50 inches, depending upon their capacity. The
tank is constructed of galvanized sheet Metal,
which may be lined with a composition of glass
to resist corrosion of the tank lining and prevent
contamination of the water. The combustion
chamber is in the lower section, which is vented
by a baffled flue that extends through and ends
at the. top of the tank. The entire tank is insu-
lated to prevent the eseape-of heat. It is also
equipped With a thermostat which can be .ad-
justed to maintain a certain water temperature.

%



DOWN DRAFT
OIVERTER

TANK MiliniMINEWCWIgh---s

COLO' WATER
INLET

RAFFLEK
OUTER

SHELL

ANODE

THERMO-
STAT

0.-- INSULATION

SURNER

CONTROL
PILOT LEO

VENTURI SOTTOM

PAN

F4gure 30. ,.44. gasefired hot-water healer

Safety features which make the hot-water heater
automatic are also in the unit.

5-4. Both the cold-water inlet and the warm-
water outlet are at the top of the tank. These
tappings are usually marked "INLET" and
"OUTLET." However, if there is a question in,
your mind as to which is the inlet and which is
the outlet, just remember that the cold-water in-
let pipe extends over halfway into the tank, but
the outlet pipe does not. There LS usually a drain
valve at the bottom of the tank.

5-5. The directions for lighting and operating
a hot-water tank are usually printed on the side
of the unit. The servicing required to maintain
this unit is the same as that for an automatic
gas burner.

"



CHAPTER

High-Temperature Hot-Water Heating

HIGH-TEMPERAZURE hot-water systems
came into uSe in Europe more than one

hundred years ago. However, the first large high-.
temperature hot-water heating system in the
United States was installed about 1940. After
this, very few heating plants of this type were
installed in this country until after World War If.'
At this time the military recognized the high-
temperature hot-water system as a very good
method of heating. The acceptance and successful
use of this heating system by the' military led to
its general acceptance by industry. The high-
temperature hot-water system is commonly re-
ferred to in its abbreviated form as HTHW.

Z You recall that in previous chapters of this
memorandum we discussed the effectiveness of
both hot-air and low-temperature Itbt-water heat-
ing systems. In this chapter we discuss the char-
acteristics of HTHW heating systems, types of
heat-carrying media, types of HTHW systems,
.pressurizing HTHW systems, HTHW system op-
eration, safety characteristics of HTHW systems,
and piping for HTHW systems. We also mention
steam as a pedium of heat tansfer; however,
steam heating is not thoroughly discussed until
Memorandum 567 of the course.

3. The HTHW system is a very real and grow-
ing competitor to other methods of heating; con-
sequently, you should familiarize yourself as much

." as possible with the information in this chapter.

6. Characteristics of HTHW Heating
Systems

6-1. High-temperature hot-water (HTHW) sys-
tems operate at high pressure to maintain a water
temperature that exceeds the normal boiling tem-
perature' of 2120 F. (at atmospheric pressure)
used in other types of heating systems.

6-2. High-temperature hot-water systems con-
sist of standard and heavy-duty equipment, in-

.. eluding boilers (sometimes referred to as gen-
erators), expansion drums, system circulator
pumps, distribution piping, and heat-consuming
equipment.
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6-3. High-temperature hot-water systems use
boilers or generators that may be heated with
coal-, oil-, or gas-burning equipment. However,
the water is sometimes heated by direct-contact
steam heaters. High-temperature hot-water sys-
tems use either steam or an inert gas for pres-
surization.

6-4. High-temperature hot-water systems have
the hot, water pumped from the generator and
throuAout the distribution system. The circula-
tor. pumps are large enough to deliver the water
at sufficient pressure to overcome any drops in
the distribution system and the heat-consuming
equipment, The major advantages of the HTHW
heating system are low makeup requirements,
minimum maintenance, high thermal efficiency,
and safe, easy operating and control.

6-5. The HTHW system is a closed system,
so the only water wastage is the normal leakage
ar the pump and valve packing glands. Conse-
quently, very little water is consumed during
system operation. This means that only a small
amount of makeup water is used, practically
eliminating boiler blowdowns. The-closed recir-
culating system operates at high thermal efficiency.
All of the heat not used by heat-consuming
devices in the sysiem or lost through pipe radia-
tion is returned to the boilerplant. Because very
few boiler blowdowns are required, the heat
loss frbm blowdowns is kept to a minimum.

6-6. The HTHW system uses the thermal -fly-
wheel" effect, which is characteristic of the large
heat storage capacity of high-temperature hot
water that permits the system to accumulate
generated heat and even out the heating load
on the boiler. The sudden changes in firing rates
in other systems which produce poc: combustion
and high stack temperatures are virtually elimi-
nated, and the boiler has higher operational
efficiency. Table I compares the heat storage
capacity of water and steam for various pres-
sures and temperatures. .4.t 50 psig with the
temperature at 298° F., water contains 87 times
the amount of heat that steam does . (15.360
divided by 170 equals 90.4). Figure 31 illus-



trates the variation of water density and volume
at different temperatures. When the tethperature
of water is 100° F., the density is about 63
pounds per cubic foot.. When the temperature
rises to 200° F., hOwever, the density drops to
6() pounds per cubic foot, and ihe percent of
increase in volume rises from almost zero to
2.50 percent. Note that as the temperature of
the water increases the percent of increase in
volume goes up and the density per cubic foot
goes down.

6-7. The HTHW system operates at low cost.
The requirements for maintaining the HTHW

system are comparatively lower than for other
types of heating systems. The same water is
recirculated, and the system is always filled with
non-corrosive:treated water, and scaling and
corrosion do not occur. Also, there are no traps
and reducing valves to maintain, as in the steam
heating system for exampk.

6-8. In the HTHW system, a mixture of water
and steam is discharged into the atmosphere
when high-temperature hot-water escapes through
a lealciln the line. The temperature of the water
is well above the vaporization point at atmo-
spheric pressure, so part of the water flashes to

TABLE 1

HEAT STORAGE COMPARISON OF HTHW AND STEAM

Gauge Press,
Psi

Temp.
o F

Total Heat Conte
Btu/cu. ft.

Ratio:
Water/SteamWater Steam

50 298 15, 360 170 90. 4
60 308 15, 840 203 78. 0
70 316 16, 260 229 71. 0
80 324 16, 670 255 65. 4
90 331 17, 000 281 60. 5

100 338 17, 320 306 56. 6
110 344 17, 600 332 53. 0
120 350 17, 870 358 49.9
130 356 18, 170 384 47. 3
140 361 18, 380 410 44. 8
150 366 18, 610 434 42. 9
160 371 18, 830 461 40. 9
170 375 19;040 486 39. 2
180 380 19, 220 511 37. 6
190 384 19, 400 537 36. 1
200 388 19, 570 562 34. 8
210 392 19, 750 588 33. 6
220 396 19, 920 613 32. 5
230 399 20, 080 639 31. 4
240 403 20, 240 664 30. 5
250 406 20, 390 690 29. 6
Z60 409 20, 530 716 28. 7
270 413 20, 670 741 27. 9
280 416 20, 800 767 27. 1
290 419 20, 920 792 26. 4
300 421 21, 040 818 25. 7
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steam. This utilizes much of the heat from the
water_ and makes the leak -less dangerous. Later
in this chapter you will be given more informa-
tion'regirding the safety characteristics of the
HTHW system.

6-9. Another characteristic of the HTHW sys-
tem is its simplicity of construction witfi the ab-
sence of complicated traps and valils. Now that
you have completed the major characteristics of
the HTHW heating syttem, let us, compare thet
different types of heat-carrying Media.

6-10. Types a' Beat-Carrying Media, The
current practice is to Ilse a central-heating plant
in preference to a number of smaller individual
heating units. Advantages of the central-heating
plant lie in the simplificaiion of heathig plant de-
sign and operation and irk maintenance. There
are, however,`the problems of uniformly distrib-
uting the heat through pipelines over the heated
areas of large buildings and transmitting the

- heated media for long distances about the post,
We will, therefore, examine hot air, steam, and
hot water, the three commonly uaed means of
transmitting heat. .

6-1.1. Hat air. Hot air carries hear from_the
heating plant to the place of use. Due to the
low specific heat of hot air, 0.24 Btu/lb or
0.018 Btu/en ft are required to provide available
beat of 12 Btu/cu ft for a temperature change
of 175' F. at the, plenum chamber to 750 E
at the heated area: A very large volume of hot

10
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air' is required to transmit the heat from the,
central-heating plant to the i:dace of use. If the
heat ,load is small and the distance the heat
travels is, ihiirt, as in homes and small buildings,
the hot-air method of heating is often an ideal
arrangement. However, if the heat load is large--
or the distance the hot air must travel is great,
or both, the size of the air, transport ducts and
circulating fans. would be expensive and too large.

6-12. Steam. Steam often is used to transmit
large quantities of heat over great distances.
Steam has a iatent heat of vaporitation (the
amount depends on the pressure). This latent
heat is potentially available for heating. For a
given volume, steam contains front 38 to 70 times
more heat than air. Therefore, we must definite-
ly recognize steam as a good medium far trans-
porting large quantities of heat over great dis-

.
tenets.

, 6-13. liar water. Hot water also carries heat.
With hot water, as with hot air, the heat available
for heating is represented by the water temper-
ature and is not represented by a change of
state such as the latent heat of vaporization in
steam. Lot us assume that the temperature of
water leaving a generator is 400°- F, and that
the water returning to the generator is 250° F.
Here, the difference in temperature of !SO F.
represents 158 Btu/lb or 9,000 Btil/cu ft trans-
mitted to the heat load. For a given size of line
about 30 times as much heat can be transmitted



by water than by steam. The actual relative
amount depepds on the water temperature and
the steam pressure. Since the water must be
returned to the heating .plant, the distance that
it must travel will be approximately twice the
distance steam travels. This does not take into
account the condensate return line for steam
which is only about one-fifth the capacity of
the HTHW -return line. On the volume basis,
water is a very good carrier of heat as compared
to other' heat-transporting media. The weight of
the circulating water, however, is quite large
and should be taken into account when the
installation cost is figured:

6-14. HTHW. Versus Steam. It is evident diat
keam or high-temperature hot water can be
satisfactorily used for transporting and distributing
heat from a central-station heating plant to the
heat load.1 Therefore, wc should examine the

leatures_of oth systems.
6-15. A vantages of FITHW. The piping

arrangement for the HTHW system is simple.
The paralle supply and return lines can be

D located at any elevation or grading., But with
steam, it is n cessary to slope all of the lines
for propersytem drainage and collection of con-
densate. w icht must be pumped or drained back
to the heating plant. In the HTHW system the
arrangement of valves and fittings is simple.
Pressure-reducing valves, and steam and water
traps are required for steam systems, and they
are difficult Ficl expensive to install.

6-16. High,pH (potential of hydrogen) alka-
line water iS circulated throughout the entire
HTHW system Wand practically eliminates internal
corrosion. This potential of hydrogen ion con-
centration is expressed in gram atoms per liter
of a concentration expressed in gram' atoms per
liter oi.ji solution. The pH values from 0 to 7,
(low) indicate ac(dity, pH 7 indicates pure water,
and 7 to 14 (high) indicates alkalinity. In the
steam system, purc but wet steam and low-pH
Water are in contact with the piping, heaters,
ctc. This provides a corrosion problem. In the
HTHW system, the water is, always, under pres-.

sure and is seldom exposed to the atmosphere.
This process virtually eliminates any possibility
of absorbing oxygen or other noncondensable
gasek The condensate in the steam heating sys-
:tem is usually collected in an open Ink well
where, the water is ,exposed to the atmosphere
and can absorb oxygen. To eliminate the oxygen,-
it is necessary to pass all the return condensate
through a deaerating heater, an air ejector vac-
uum vessel, or use chemicals to remove the oxy-
gen. There is also the tremendous "flywheel".
effect in heat storage for the HTFIW system, as
compared to steam, because of the comparatively

heavy weight of the water in the system. For
systems of equal volume, the heat in the H'FHW
is about 30 times greater than for steam. The
actual, am unt depends upon the steam pressure
and water temperature.

6-17. dvantages of steam. A given volume
of st m capable of containing a great amount
of heat 38 to 70 'times that of air) and like
HTHW is a good means of transporting heat
for long distances. However, steam does have
some advantages that HTHW does not have.

6-18. Steam is readily available for, use where
it may be required, such as for kitchen and for
laundry use. In HTHW systems, steam must be
generated by installing water-to-steam heat ex-
changers.

6-19. Steam is a compressible gas that requires
no.tolerances for expansion: The HTHW system,
however, requires expansion drums to allow for
changes in water volume caused .by temperature
changes.

6-20. Steam, by taking advantage of the avail-
able pressure drop, flows thrbU0out the heating
system without a pump. Water, which is about
five times as heavy as steam, must be pumped
,through the system. The circulating pump horse-
power requirement is partially offset by the boiler
feed pumps and return condensate pumps of
the steam system.
. 6-21. Since both steam and HTHW are suit-

; able heat 'transportation media, an evaluSion of
the features of each system has ,its place. Steam
would surely be preferred for hotels and sky-
scraper office buildings with a vertical and con-
centrated heat load. For groups of buildings.
spread out over a large area where heat must
be transported over a considerable distance and
ar varying elevations, '11THW should have the
advantage.

7. Types of HTHW Systems
.7-1. The high-temperature range for most

military and federal heating plants is 350° F. to
450° F., which corresponds to saturated pressures
of 135 psi to 425 psi. However, some types of
plazas operate at higher pressures and therefore
have higher water temperatures. The installation
of HTHW plants that operate at temperatures
bove 400° F. must'be approved by the Chief of
Engineers. Costs usuallY determine the maxi-
mum water temperature used, becaiise the types
of HTHW systems utilizing the higher pressures
require more expensfrve piping, valves, fittings,
and heat exchanger

7-2. The degree f complexity of HTHW sys-
tems varies accordi g to the size, type, and heat
load requirement of the installation. Since methods
used to maintain prcssurc and to assure uniform
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flow rates depend upon the amount of heat load,
they affect the complexity of the heating system.
There are two methods of circulating the HTHW

4 through the systemthe one-pump and the two-
pump systems.

7-3. The one-pump system uses only one pump
to circulate the hot water throughout the system,
which includes the generator. The two-pump sys-
tem uses one pump to circulate the water through
the distribution system, and a second pump to
circulate the water through the generator for
positive circUlation. Figure 32 shows some typical
pumps that are used for circulation in the HTHW
system. Note that the pumps are of the centri-
fugal type. Each pump shown in figure 32 would
be used to circulate the water to different areas
in distribution systems.

7-4. There are two common ways of heating
the water .in the HTHW system. One way is to
use hot-water boilers or generators; the other
way is to use the cascade or direct contact heater.
The water in the HTHW generator is heated in
much the same manner as low:temperature hot-
water is heated. In the cascade heater, however,
the water is forced through spray nozzles and
comes into direct contact with the steam. The

PUMP NO 2

PUMP NO 1

.

steam condenses into .the circulating water. A
typical spray nozzle head is shown in figure 33.
The spray nozzles are installed in a combination
cascade heater expansion drum. A typical cascade
heater expansion drum installation is illustrated
in figure 34. Let us discuss some ways of pres-
surizing the HTHW system.

8. Pressurizing the HTHW. System
8-1. Since water volume varies with changes

in temperature, the extra water must be taken
care of when the water is heated. It is desirable
to opejet MO the water above the boiling
temp ature of 212° F.; therefore, the pressure
infhe system must be Maintained equal to or
greater than the corresponding saturation (steam
or vaporization) temperature. An expansion tank
is required because the water, which is not com-
pressible to a smaller volume, expands when it
is heated. Also, the pressuriz tion peevents the
formation of saturated steam or vaoçization when
the water temperature is raised. Tlere are two
basic designs employed for pressurizing FLTHW
systems: first, the "saturated-steam cushion," and
second, the "mechanical-gas cushion." Although
both designs have a variety of in ititions,

,

WATER CONTROL VALVES

PUMP NO 3

Penn, 32. Typical high-temperature hot-water circulation pumps.
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Figkre 33. A typkalca d&heater spray nozzle
head.

their characteristics are still typical of the basic
pressurized system design.

8-2. Saturated-Steam Cushion. Pressurizing the
-heating system with steam in the expansion tank
is a natural method. Firing the HTHW generator
to maintain the' system pressure corresponding
to the required satption (steam or vaporiza-
tion) temperature p ssurizes the system. Excess
heat is generated to offset the radiant heat loss
from the expansion tank. All of the HTHW in
the steam-pressurized system flows through The
expansion tank and thereby maintains the sat-
uration (steam or vaporization) temperature
there.

8-3. The steam in the space in the expansion
tank provides the pressure or cushion for the

PRESS GAUGE CONN

STEAM CONN

WATER FEED CONN.

STEAM CONN

SPPAY NbuLES

system. The pressure maitained is that of the
saturated steam. The water in the lbwer portion
of the tank will be approximately saturation
(steam or vaporization) temperature correspond-
ing to this pressure. The water to be used in
the FITHW heating system is drawn from the
lower part of the expansion tank, mixed with
the system return water, and circulated through-
out the system. The mixing is riecessary, to, pre-
vent cavitation (steam flashing) at the pump
suction.

8-4. Here are some conditions that are typical
of the saturated-steam cushion design. The ex-
pansion tank, either integral or separate, is a
part of the HTHW system. The entire hot-water
flowing in the heating system passes -through the
expansion tank and exposes the tank to the
maximum system heat and any form of contami-
nation that is in the water. The heat and contami-
nation, in turn, subject the expansion tank to
thermal stresses and corrosion. There are explo-
sion hazards typical of a steam boiler in the
system, and good water-level control is important
in maintaining proper operating conditions. yad
variations causing supply pressure changes create
flasling of the saturated liquid in the system
and oduce water hammer.

8 . Mechanical-Gas Cushion. The expansion
tan contains the mechanicaI-gas cushion and is
connected to the HTHW system return line just
ahead of the circulating pump suction connection.
The tank contains an inert gas (usually nitrogen)
and is the source of pressure. in this method.
When the system has been pressurized by the
nitrogen, pressure in excess of saturation must
be maintained. That is, the water temperature
throughout the system must always be leis than
its saturation temperatureAn the nitrogen-pres-
surized system, the expansion tank is installed
in the system as a standpipe arrangement so that
the water does not flow through it. The water
in the lower part of this tank is stagnant, except
for the changes caused by expansion and con-

RELIEF VALVE CONN

VENT CONN.

WATER FEED

OUTLET CONN CONN
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COVER

Figure 34. A combiaailon cascade healer expansion drum installation.
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traction brought on by load fluctuations, if you
assume that the water is virtually incompressible,

....."fhe tank provides the space available 'for these
changes in the system's water volume.

8-6. Here are some characteristics that are
typical of this design. The expansion tank is
independent of the generator and remains cool.
Corrosion is practically eliminated because the
heating system is flooded, with the exception
of the nitrogen space in the expansion (cushion)
tank. When properly designed, the system is
sealed with its fixed charge otwater and nitrogen.
HoWever, this design does not contain a steam
drum or any steam spaces Avhich will permit
the accumulation of steam. The generator tubes

esweaktAinkin- this entire system. An
explosion caused by the dissociation of hydrogen
and oxygen cannot occur. The formation of 'Steam
cools the otherwise red-hot metal surfaces. Low-
water conditions ,do not allow the flashing of

iteam.

9. Operation
9-1. To insure normal operation, you fill the

system with treated water taken from the water
softener. To prevent oxygen corrosion, add the
chemicals for treating the water to furnish 20 to
40 parts of sodium sulfite per mil,lion parts (ppm)

. of w4fer. You thereby maintain a pH value of
9.3 to 9.9. While the water is circulating in ,the
generator and in the system, you should fire the
boiler at about 25 percent of its rated capacity
to bririg the system;61) to normal operating tem-
perature. You should allow the expansion dram
vent in steam-pressurized-, systems to blow for
about 1 hour to rid the system of all oxygen and
other noncondensable gases.

9-2. The startup and firing of HTHW boilers
or generators are done in much the sarip manner
as for domestic hot water and steKm boilers,
depending u n the type of fuel-burning equip-
ment used. he specific startup and operating
procedu s vary with different installations.
Therefore, this information is furnished by your
local supervisor and the , manufacturer of the
equipment.

9-3. Coal, oil, and gas are the types of fuels
normally used to fire the boilers of HTHW sys:
tems. Tho specific type of fuel used will depend
upon the type of ..equipnient installed in_the
plant. Each type of fuel requires that designated
inspections be made and that certain precautions

J)e taken to eliminate fire and safety haZards.
9-4. The inspection of fuels and material stor-

age areas for fire and safety hazards was covered
in some detail earlier in the course. The inspet-
tion and storage of coal was di.ssed earlier. It
is desirable, however, at this point to review some

of the important aspects of the fire and safety
precautiOns peiated to fuels.

9-5. On/receipt, you inspect coal to insure
that it i5 relatively free of impurities. Spontane-
ous fires and slack create hazards to the coal
piles, which require watching. When you are
transferring fuel oil from one tank to another,
be sure that both tanks are grounded. Checks
must then be made to insure that excessive oil
pressures are not generated in the tanks by ex-
pansion of the fuel. Although natural gas is not
normally stored on a military post, liquid petro-
leum (LP) gas is often stored near the heating
plant. You should often check the areas where
this gas is stored to insure that there is no leak-
age, .Liquid petroleum gas is heaft than air
and settles in low areas and createAexplosive
hazards. When checking for gas leaks, use a
standard soap solution.

5(0

9-6. Because of the large heat storage capacity
of HTHW systems, the load. demand change for
the boiler is_slOW and smooth. This Characteristic
provides for improved and safer operation than
that' provided, by the saturated-steam cushion.
This brings us to the discussion about the safety
characteristics of HTHW.

.

10. Safety Characteristics of Steam
and .Hot Water

10-1. one of the significant advantages of
HTHW is its relative safety, especially at the
point of use.. The many installations of steam
and hot-water heating systems are so familiar
to us that we do not normally concern- our-
selves with the hazards That they can present. ,

The high-energy content of HTHW has led to
, the common belief that it is less safe than other

'heating media. In case ,of a break, however,
this. energy is used in the change of state pro-
cess and is not available to create a serious
hazard. Consequently, the reverse is the case.
To describe What happens, we shall compare"
the effects Oon the occurrence of a break or
similar mechanical failure in each of four types
of heating media which are commonly used.

10-2. LowePressure Ste*. /.411eak in a low-
pressure steam line' results in the forcible ejection
of steam, as long as the pressure persists, at a
temperature slightly below that of the steam
in the pipe. Steam at 5 psi and 230' F. dis-
chargei to the atmosphere at the temperature
of approximately 229° F. and at the velocity
of about 1500 feet per second. This is a definite
hazard, because the steam rapidly envelops the
inclosure at the ejection velocity and its teal-

. perature is high enough to cause considerable
bodilS, harm to persons in this arca.



10-3. High-Pressure Steam. The action' of a
break in a high-pressure 'steam line is similar
to that described above for a low-pressure steam
line. Because of the greater, expansion that takes
place, there is a slightly greater drop in tempera-
ture with high-pressure steam. For example, steam
at 125 psi and 300° F. temperature is discharged
into tit:, atmosphere at 290° F. and a velocity
of approximately 1,600 feet per second. The
energy in the steam is converted into woric
(kinetic energy) -as it flows out of the system.
Again, this is a highly hazardous condition.

10-4. Low-Pressure Hot Water. When a failure
occurs in a low-pressure-hot-water system, scald-
ing water is emitted for a short time until the
system pressig reduces to atmospheric pressure.
Since the temperature of the water is not above
its boiling point at atmospheric pressure, flashing
to steam does not occur. Water at 15 psi and
200 F. temperature discharges through a break
to atmospheric pressure at a temperature of ap-
proximately 200° F. and at a velocity of about
175 feet per secood. Less hazard is present in
this case than with steam, because the lower
water ejection velocity does not tend to fill the
inclosure. The condition, however, is still haz-
ardous, especially in the case of toverhead piping,
because water at 200° F. can produce permanent
injuries.

10-5. Pressurized HTHW. When' a break oc-
' curs in an HTHW line, a mixture' of water and

steam is discharged to the atmosphere. Since the
temperature of the water-is well above its vapori-
zation point at atmas(pheric pressure, the energy
in the water is used to convert a part of the
water from the liquid state into the vapor state.
This energy is used in the change of state process,
and it is not available to do work (kinetic energy).
Because the quantity of heat available is suffi-
cient to vaporize only from 20 to 25 percent
of the HTHW present, there is no energy avail-
able to produce an explosion. Due to the pres-
sure in the system, the amixture of steam and
water is ejected initially at a high velocity. Since
the pressure is maintained independently by a
fixed quantity of nitrogen in the compression
tank, the pressure falls rapidly and the velocity
LAjection drops to "a low value in a very short

thfie.

10-6. When 25 percent of the water vaporizes,
it obtains its heat energy from the other 75
percent of the water. Therefore,' the heat con-
tent of the 75 percent of the water is reduced

t by that aniount of heat which is used to vaporize
the 25 percent. The resulting emission tempera-
ture of HTHW at 400' F. drops to between
120' F. and 130° F.

10-7. Boiler Versus Generator Failure. The

eXplosion of a steam boiler can be the result of
excessive steam pressure created inside. the steam
drum. When this happens, considerable damage
is sustained by the heating plant. Severe steam
boiler explosions, however, can also occur from
the dissociation of hydrogen and oxygen in the
tubes or drums. Dissociation takes place when-
ever water comes into contact with a red-hot
metal surface, such as would happen in anboiler
if the water level were allowed to drop too low
and then be suddenly raised. When substantial
amounts of hydrogen and oxygen accumulate
in the steam drum, they blow the boiler and
perhaps the building apart.

10-8. Forced circulation HTHW generators
consist only of tubes and headers, and they
have no pressure vessels such as a steam or
"mud" drum. The tubes (convectors) in the
convection section of the furnace portion of the
generator are the weakest link in the system's
circuits. The thin gage metal of the tubes collapses
from overheating when liquid contact is lost on
the interior of the tubes for as short a time
as 2 minutes. It is, therefore, nor possible to
develop high steam pressures within the system
because the tube failure occurs in such a short
time: The release of, water and the consequent
drop., in pressure to atmospheric pressure upon
the collapse of a generator tube prevents the
'formation of an explosive' condition.

11: Installing the ,Piping System

11-1. All piping in an HTHW system shotild
be welded. No screwed joints should be per-
mitted,, and flanges should be allowed only where
necessary, such as at expansion joints, pumps, and
generator connections. Only. schedule 40 black
steel piping or better is used for HTHW systems.
Upon compleiion, the entire heating system is
subjected. to a test of 450 psi that lasts .for not
less than 24 hours.

11-2. The possibilities of line failure are very
remote when the construction recommended
above is used. The system piping material is
subjected to a' minimum factory test of 700 psi:
The generator tubes are' subjected to an ASNIE
test of 900 psi. All valves and accessories are

' rated at working pressures of -540 to 1,075 psi
at 400° F. The weakest link in the piping net-
work lies within the generator tubing. The worst
failure likely to occur is the loss of tubes, and
therefore the generator. The safety of the piping
system is maintained over the life Of the installa-
tion because of the absence of corrosion in the
hot-water heating systems due to boilerwater
treatment.

29

65


